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FOREWORD 


This  supplementary  report  to  the  Air  Force  Final  Technical  Report 
AFWAL-TR-88-4049,  covers  work  performed  on  conceptual  design  of  airframes 
and  an  initial  effort  on  computerization  of  mechanically  fastened 
assemblies,  conducted  under  Air  Force  Contract  No.  F33615-85-C-5016 
from  February  1,  1989  through  May  31,  1989.  The  Air  Force  Technical 
Report  AFWAL-TR-88-4049,  dated  May  2.  1988,  was  for  the  contractual 
period  July  26,  1985  through  September  30,  1987,  and  included  the 

following  subjects:  airframe  design,  cost  drivers,  manufacturing  cost, 
composite  structures,  mechanically  fastened  assemblies  and  superplastic 
forming  of  titanium  alloys. 

The  contract  was  sponsored  by  the  Computer  Integrated  Manufacturing 
Branch,  Wright  Research  and  Development  Center.  During  the  period  of 
technical  performance,  initially  the  Air  Force  Project  Manager  was  Lt. 
Eric  J.  Gunther  and,  later,  Lt.  Dean  B.  Griffin. 


Battel le's  Columbus  Laboratories  was  the  prime  contractor.  Mr. 
Bryan  R.  Noton  was  the  Program  Manager  and  Principal  Investigator. 
Dr.  David  Pherson  of  Battel le  conducted  the  work  on  computerization. 
The  development  of  the  data  on  which  the  “Manufacturing  Cost/Design 
Guide  for  Conceptual  Design"  is  based,  was  accomplished  under  a  series 
of  contracts.  These  contracts,  design  curves,  etc.,  are  listed  in 
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teams.  The  participating  aerospace  companies  and  the  project  managers 


for  various  periods,  were; 


Industrial  Subcontractors 

Project  Managers 

General  Dynamics  Corporation,  Fort  Worth 

Division 

Ben  E.  Kaminski 
Phillip  M.  Bunting 
James  E.  Schidler 
W.  T.  Trice 

Grumman  Aerospace  Corporation 

Vincent  T.  Padden 
Anthony  J.  Tornabe 

Lockheed  Aircraft  Systems  Company,  California 
Division 

Anthony  J.  Pi  Hera 
John  F.  Workman 

Metcut  Research  Associates,  Inc. 

Robert  L.  Carlton 

Northrop  Corporation,  Aircraft  Group 

John  R.  Hendel 

A1  P.  Langlois 

Rockwell  International  Corporation, 

North  American  Aircraft  Operations 

Ralph  A.  Anderson 
Kenneth  A.  Henn 
Leonardo  Israeli 

Rohr  Industries,  Inc. 

James  R.  Woodward 
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SECTION  1.0 
INTRODUCTION 


The  performance  and  quality  achieved  by  designers  and  manufacturers 
of  defense  and  commercial  aircraft  and  space  systems,  where  the  broad 
structural  design  objectives  include  strength,  stiffness,  fatigue,  damage 
tolerance,  reliability  and  maintainability,  are  impressive.  The  challenge 
today  is  to  improve  performance  and  quality,  but  with  increased  emphasis 
on  cost.  A  number  of  aerospace  systems  with  quite  diversified  missions 
are  currently  at  the  brief  conceptual  design  phase.  With  these  new 
systems,  acquisition,  operations  and  maintenance  costs  are  emphasized 
as  being  equal  in  importance  to  performance  and  schedule.  Meeting  these 
requirements  within  the  complex  aerospace  manufacturing  environment 
presents  a  very  difficult  task  for  all  disciplines  in  the  systems 
development  process.  Characteristics  of  this  environment  include  a 
cyclic  industry,  a  substantial  number  of  companies  responding  to  the 
needs  of  a  small  number  of  customers,  minimal  automation  and  high 
technology  orientation  driven  by  the  quest  for  product  excellence. 
The  difficulty  in  designing  complex  systems  at  low  cost  is  evident. 
Certainly,  additional  innovations  in  design  configurations,  utilization 
of  composite  materials  and  superplastic  formed  titanium  and  manufacturing 
technology  developments,  including  test,  inspection  and  evaluation 
techniques,  are  required.  Such  innovations  are  most  effectively 
accomplished  during  conceptual  design. 

Unfortunately,  it  is  not  unusual  in  aerospace  programs  that  only 
a  small  percentage  of  the  total  development  and  production  cost  is  alloca¬ 
ted  to  this  vital  conceptual  design  phase.  After  all,  the  decisions 
that  are  "molded-in-place"  during  that  phase  impact  the  total,  frequently 
multibillion  dollar,  operations  and  maintenance  costs.  We  must  also 
realize  that  the  conceptual  design  phase  or  "window  of  opportunity" 
is  where  the  leverage  exists  to  not  only  respond  innovatively  to  design 
objectives  such  as  damage  tolerance,  but  also,  of  equal  importance, 
to  minimize  cost.  As  time  and  the  design  process  progresses,  the  number 
of  engineering  decisions  increases,  but  their  impact  decreases  to  an 
almost  insignificant  level.  Thus,  it  is  at  the  developmental  phase 
that  designers  need  to  address  the  specific  cost  drivers  related  to 
performance,  design,  materials  and  manufacturing,  including  inspection, 
usually  becoming  evident  when  analyzing  the  aerospace  system  mission 
requirements.  As  with  other  design  considerations,  the  structural  con¬ 
figuration  or  concept  can  have  the  most  significant  impact  on  minimizing 
manufacturing,  inspection  and  repair  costs. 

It  is  at  this  early  phase  that  cost  reducing  features  such  as  part 
consolidation,  minimized  fastener  count,  accessibility,  interchangeability 
and  repairability  can  be  more  easily  introduced  and,  particularly 
important,  subsequent  costly  engineering  change  traffic  can  be  reduced. 
While  manufacturing  engineers  experienced  in  composites  are  frequently 
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Involved  at  the  conceptual  design  phase*  thereby  minimizing  the  number 
of  these  engineering  changes.  It  Is  equally  Important  that  manufacturing 
technology  engineers,  experienced  with  other  materials  and  processes, 
participate  In  all  up-front  decisions  that  Impact  their  discipline. 
Conventional  and  advanced  metals  also  contribute  to  meeting  the  system 
design  requirements;  for  example,  composite  panels  may  be  supported 
by  low-cost  metallic  substructures.  The  economic  benefits  of  Improving 
deslgn/manufacturlmg  Interaction  cannot  be  overstressed;  It  Is  the  key 
to  affordable  performance. 

In  the  case  of  a  proposed  aerospace  system,  or  In  fact  any  other 
product,  potential  cost  drivers  In  specific  categories,  such  as 
performance,  design,  materials,  manufacturing  and  Inspection  are  likely 
to  be  apparent  from  the  outset;  I.e.,  when  the  first  lines  are  drawn 
or  are  displayed  on  the  computer  graphics  screen.  Similarly,  It  Is 
pisslble  to  Identify  potential  cost  drivers  during  the  Initial  evaluation 
of  a  new  composite  material  under  development  to  Improve,  for  example, 
produciblllty  or  elevated  temperature  performance.  The  curing,  tooling. 
Inspection  and  facility  requirements  soon  become  apparent  and,  when 
their  cost  Implications  are  considered  early  on,  they  do  not  later  appear 
as  barriers  hindering  technology  transfer  to  cost-competitive  products. 
Cost  Is  seldom.  If  ever,  considered  at  the  outset  of  material  development. 

The  trade-offs  between  manufacturing  cost  and  mission  performance 
are  extremely  complex  with  supersonic  and  hypersonic  vehicles.  Again, 
It  Is  vitally  Important  to  seek  out  potential  cost  drivers  and  to  address 
these  as  soon  as  possible.  Certain  cost-driving  features  may  be  Identi¬ 
fied,  such  as  the  power  plant  being  developed  parallel  with  the  airframe, 
avionics  escalating  In  cost,  high-performance  accessories  (also  providing 
opportunities  for  advanced  materials),  double  curvature  and  tapered 
structural  elements  and  assemblies,  special  purpose  fasteners,  butt 
joints  and  limited  use  of  automated  assembly.  However,  with  these  high 
performance  systems.  It  Is  unlikely  that  performance  will  be  significantly 
downgraded  to  minimize  acquisition  cost. 

On  the  other  hand,  the  performance  of  a  higher  volume  production, 
low-speed  aircraft  Is  more  likely  to  be  compromised  In  design  to  reduce 
cost.  The  features  of  such  an  aircraft  are  that  an  existing  engine, 
avionics  and  accessories  are  expected  to  be  specified.  The  airframe 
may  be  characterized  by  a  constant  section  fuselage,  constant  section 
control  surfaces.  Interchangeable  components,  lap  joints,  common  use 
tooling,  and  maximum  use  of  automatic  riveting. 

Because  of  the  Impressive  progress,  service  experience  and  subsequent 
designer  and  management  confidence  In  several  families  of  polymer-matrix 
composites,  these  engineering  materials  have  for  some  time  been  con¬ 
sidered  by  designers  as  cost-competitive  candidates  with  aluminum  and 
titanium.  Therefore,  It  Is  Important  to  stress  the  significance  of 
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the  conceptual  design  phase  leverage  for  maximizing  the  impact  of 
decisions;  for  identifying,  analyzing  and  addressing  cost  drivers  with 
materials,  manufacturing  technology  and  systems;  and  for  ensuring  that 
interaction  is  achieved  not  only  between  design  and  manufacturing  for 
composites,  but  also  for  all  other  candidate  materials  and  manufacturing 
technologies.  When  this  is  accomplished,  the  cost  of  engineering  change 
traffic,  that  can  be  responsible  for  20  to  30  percent  of  the  cost  of 
the  first  production  system,  and  expensive  redesign  and  rework  of  tooling, 
will  be  substantially  reduced.  Cost  must  be  reduced  by  identifying 
cost  drivers  and  promoting  interdisciplinary  interaction  from  day  one! 

To  accomplish  cost  driver  avoidance  from  day  one,  a  "Manufacturing 
Cost/Design  Guide"  (MC/DG)  has  been  assembled  for  use  in  the  conceptual 
design  phase.  This  MC/DG  for  conceptual  design  is  presented  with  two 
categories  of  charts  of  formats.  These  are  firstly,  those  that  show 
the  cost  trends  or  hazards  and  are  presented  in  a  manner  which  enables 
the  designer  to  rapidly  achieve  an  overview  for  both  materials  and  manu¬ 
facturing  methods,  and  the  second  category  of  formats  provide  relative 
or  qualitative  cost  comparisons  between  materials,  manufacturing, 
inspection  and  dimensional  alternatives.  To  conduct  trade-off  studies 
providing  the  total  manufacturing  and  inspection  cost  for  each  design 
solution  to  the  system  performance  and  other  objectives  or,  to  determine 
the  total  system  and  program  cost,  designers  must  consult  References 
5,  7  and  8  describing  earlier  phases  of  these  Air  Fo»'ce  contracts. 

A  computerized  MC/DG  can  be  utilized  by  designers  to  perform  many 
tasks  determining  the  impact  of  often  critical  information  that  would 
otherwise  be  time  consuming,  intricate  and  bothersome,  if  these  effects 
have  to  be  determined  through  design  charts.  Potential  applications 
of  a  computerized  MC/DG  in  design  is  to  determine  the  impact  of  price 
fluctuations  typical  with  material  shortages,  energy  problems,  inflation 
and  the  introduction  of  production  methods  which  result  in  changes  in 
the  utilization  rate  of  materials  and,  therefore,  the  capability  to 
utilize  accurate  current  and/or  projected  material  costs.  This  is 
particularly  true  at  the  conceptual  and  preliminary  design  phases  where 
attempts  to  meet  the  performance  objectives  are  made  by  utilizing 
significant  quantities  of  advanced  materials,  which  are  initially 
expensive. 

The  determination  of  the  impact  of  the  location  on  the  learning 
curve  of  the  production  quantity  under  consideration  for  trade-off  studies 
is  important.  The  current  MC/DG  data  are  based  on  unit  200,  but  the 
prototype  development  of  aircraft  requiring,  for  example,  trade-off 
studies  for  five  aircraft  only,  would  have  a  much  higher  manufacturing 
cost  based  on  the  learning  curve.  At  the  other  end  of  the  scale,  is 
a  large  production  contract  with  obvious  implications. 
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A  computerized  MC/OG  would  also  be  of  use  in  determining  the  impact 
of  lot  release  size,  especially  for  those  of  less  than  25  units.  For 
most  manufacturing  technologies,  beyond  25  units,  the  impact  of  lot 
size  is  negligible  for  the  purpose  of  typical  trade-off  studies;  but 
lot  sizes  below  15  units  have,  in  most  cases,  a  dramatic  impact  on  cost. 


The  computerized  design  guide  would  be  an  invaluable  aid  in  extra¬ 
polating  and  interpolating  dimensional  data  of  airframe  parts  and 
assemblies.  The  function  of  the  computerized  MC/DG  is,  in  reality, 
more  of  a  necessity  than  of  a  convenience,  because  it  is  not  possible 
for  the  hard  copy  to  contain  all  possible  dimensions  of  aerospace  parts. 
In  order  to  conduct  a  trade-off  study,  the  designer  must  be  able  to 
input  the  part  dimensions. 

Another  useful  feature  of  a  computerized  MC/D6  would  be  the  ability 
to  retrieve  earlier  design  trade-off  details  in  a  readily  usable  and 
recognizable  form.  This  would  allow  the  designer  to  quickly  evaluate 
past  designs  and  determine  what  features  would  be  applicable  to  the 
present  problem  and  what  cost  drivers  to  avoid.  This  feature  would 
be  helpful  to  designers  in  preparing  presentations  to  management  detailing 
how  the  chosen  configuration  for  the  part  under  study  was  developed 
based  on  past  experience,  forecasts  and,  thus,  imparting  confidence 
to  the  trade-off  study  conducted. 


In  summary,  a  computerized  MC/DG  can  also  be  utilized  by  designers 
to: 


f 

f 


Determine  the  impact  of  material  price  fluctuations 


Determine  the  impact  of  learning  curve  base,  i.e. 


aircraft 


quantity  ordered 

Determine  the  impact  of  lot  size  other  than  current  data  for 
the  detail  ground  rule  of  25 

Determine  the  impact  of  labor-rate  increases 


•  Retrieve  earlier  design  trade-off  data  in  >  readily  usable  and 
recognizable  form 

•  Extrapolate  and  interpolate  dimensional  data  of  part  and  assembly 
manufacture. 


The  following  are  the  principal  features  of  the  Air  Force 
"Manufacturing  Cost/Design  Guide": 


•  Provides  the  design  engineer  with  the  capability  to  rapidly 
conduct,  with  high  confidence  levels,  trade-off  studies  on  cost 
vs.  performance  of  conventional  and  emerging  manufacturing 
technologies  and  materials  vs.  state-of-the-art  technologies 
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•  Enables  design  engineers  to  identify  and  avoid  cost  drivers 
when  utilizing  conventional  and  emerging  materials  and 
manufacturing  technologies 

•  Provides  the  design  engineer  with  a  single  comprehensive  source 
of  qualitative  and  quantitative  (man-hour  and  cost)  data  related 
to  several  conventional  and  emerging  materials  and  manufacturing 
technologies,  instead  of  a  large  number  of  technical  reports, 
each  related  to  one  specific  technology  or  material  and  each 
based  on  markedly  different  ground  rules 

•  The  cost  data  provided  in  the  guide  are  based  on  industry  averages 
and  not  from  a  single  company.  The  guide  has  been  developed 
by  a  team  and  is,  therefore,  unbiased  information  conforming 
to  accepted  ground  rules 

•  The  guide  is  prepared  in  design  engineer's  language.  The  designer 
can,  therefore,  readily  analyze  and  utilize  the  data  required. 

•  Enables  the  manufacturer  to  validate,  for  the  customer,  cost 
proposals  utilizing  various  materials  and  manufacturing 
technologies 

•  Provides  actual  cost  data  and  cost  avoidance  information 
(qualitative)  applicable  at  all  design  phases  including  for 
determining  the  cost  impact  of  engineering  changes 

•  One  of  the  major  deterrents  to  the  introduction  of  emerging 
materials  and  technologies  is  a  lack  of  comparative  cost  data. 
The  MC/DG.  by  providing  such  manufacturing  man-hour  data,  enables 
trade-off  studies  to  be  conducted  and  thus  removes  this  deterrent 

t  Alerts  design  engineer  to  the  fact  that  he  or  she  may  achieve 
increased  performance  using  advanced  materials  and  new 
manufacturing  technologies  at  costs  competitive  with  conventional 
materials  and  processes 

•  Promotes  interaction  between  design  and  manufacturing  engineering 
and  the  teamwork  necessary  to  successfully  ntroduce  innovative 
structural  configurations,  new  materials  and  manufacturing 
technologies 

•  Reduces  necessity  of  down-stream  changes  by  bringing  to  the 
attention  of  the  design  engineer  the  impact  of  decisions  on 
designer-influenced  cost  elements  (DICE)  and  other  cost  drivers, 
early  in  the  design  phase 
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•  Provides  cost  drivers  related  to  test.  Inspection  and  evaluation 
(TI&E)  and  tooling  cost,  as  well  as  manufacturing  cost,  and 
therefore  guides  the  designer  In  developing  components  and 
structures  that  are  easier  to  Inspect 

•  Provides  manufacturing  cost  data  In  basic  formats:  cost  driver 
effects,  cost-estimating  data  and  DICE,  for  discrete  parts  through 
subassemblies 

•  Companies  wishing  to  apply  new  materials  and  manufacturing 
technologies  have  a  source  of  industry  developed  cost  data  on 
which  to  base  decisions. 
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SECTION  2,0 
SPECIAL  ASSIGNMENTS 


2.1  CONCEPTUAL  DESIGN  PROCESS 

This  volume  of  the  design  guide  enables  designers  to  address 
acquisition  costs.  Designers  are  rated  on  their  performance  with  respect 
to  cost,  weight  and  schedule  in  aerospace  systems  design.  Figure  2.1-1. 
The  design  guide  addresses,  at  this  time,  only  acquisition  costs. 
However,  the  designer  must  also  be  innovative  with  respect  to  design 
for  reliability  and  maintainability  (R&M),  now  considered  as  co-equals 
of  acquisition  cost,  performance  and  schedule.  Each  of  these  cost  factors 
must  be  considered  from  day  one. 

The  decreasing  leverage  for  cost  savings  is  shown  in  Figure  2.1-2. 
A  brief  window  of  opportunity  exists,  during  which  only  a  small  percentage 
of  the  total  systems  development  and  production  cost  is  expended.  How¬ 
ever,  the  decisions  then  made  will  influence  the  cumulative  program 
cost,  which  for  many  systems  will  be  billions  of  dollars.  Commitment 
decisions  are  made  at  the  conceptual  design  phase  influencing  all  invest¬ 
ments.  The  exploratory  phase  may  range  from  three  to  five  years,  and 
for  the  advanced  development  phase,  an  additional  three  to  five  years 
may  be  necessary.  It  is  during  this  period  that  advanced  technologies 
need  to  be  applied  to  fully  exploit  the  unique  advantages  of  these 
materials  or  processes.  Later  in  the  development  process,  form,  fit 
and  function  requirements  will  preclude  utilizing  all  advantageous 
properties  of  emerging  materials.  At  the  beginning  of  the  prototype 
phase,  90-95%  of  the  total  program  cost  may  have  been  committed.  In 
Reference  9,  Mr.  J.  Gallagher,  Chairman,  Design  Integration  Subcommittee, 
Design  Engineering  Committee,  American  Institute  of  Aeronautics  and 
Astronautics  (AIAA),  provided  the  following  information  illustrating 
the  distribution  and  number  of  designers  involved  in  the  conceptual 
through  support  stages  of  a  fighter  aircraft; 


Conceptual 

Preliminary 

Design 

Design 

Designers 

10 

50 

Analysts 

50 

150 

Development 

Production 

Support 

250 

100 

100 

550 

50 

25 

However,  such  comparisons  may  be  complicated  by  some  desirners  being 
analysts  and  drafters  and  vice  versa.  In  the  exploratory  development 
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FIGURE  2.1-2  DECREASING  LEVERAGE  FOR  COST  SAVINGS 
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stages,  even  for  extremely  complex  systems,  such  as  intercontinental 
ballistic  missiles,  the  number  of  conceptual  designers  may  be  only  two 
or  three  and  the  length  of  the  total  program,  which  includes  production, 
may  run  from  two  to  three  decades. 

Typical  decisions  made  from  the  preproposal  through  manufacturing 
phases  are  shown  in  Figure  2.1-3,  This,  of  course,  is  a  generic  diagram 
and  will  not  be  applicable  in  all  aerospace  organizations.  The  abbrevia¬ 
tions  DTC  and  MTC  refer  to  design- to-cost  and  manufacturing- to-cost, 
respectively. 

During  each  design  phase  shown  in  Figure  2.1-3,  tooling  decisions 
are  made.  Tooling  costs  are  normally  cost-drivers.  The  life  of  the 
tools  must  be  amortized  throughout  the  duration  of  the  program.  Typical 
tooling  decisions  are  shown  in  Figure  2.1-4.  Again,  this  is  a  generic 
diagram  and  is  not  expected  to  apply  to  all  aerospace  companies.  However, 
Figures  2.1-3  and  2.1-4  are  useful  in  indicating  to  unseasoned  designers 
the  impact  of  other  disciplines  on  their  decisions  and  system  objectives. 


2.2  CONCEPTUAL  DESIGN  APPLICATIONS  OF  C0$T/DESI6N  GUIDE 


Seven  volumes  of  the  "Manufacturing  Cost/Design  Guide"  (MC/DG) 
have  been  prepared  to  enable  trade-off  studies  to  be  conducted  at  all 
phases  of  the  design  process.  The  conceptual  designer  must  be  aware 
of  cost-driver  hazards  and  the  decisions  that  can  alleviate  or  avoid 
them.  Toward  this  end,  the  "MC/DG  for  Conceptual  Design"  provides  timely 
analysis  of  the  materials  and  manufacturing  technologies  currently  in 
use  in  the  aerospace  industry.. 

As  pointed  out  earlier  in  this  report,  designers  must  consider 
cost  with  weight  and  other  performance  critical  factors  from  day  one. 
However,  trade-off  studies  of  the  types  which  precede  each  manufacturing 
technology  section  of  the  MC/DG  volumes  prepared,  are  not  necessarily 
applicable  at  day  one.  For  example,  the  MC/DG  volumes  in  References 
5,  7  and  8  are  used  when  the  number  of  frames,  longerons  and  stringers 
and  their  geometries  for  a  fuselage  panel  assembly  have  been  determined. 
It  is  therefore  appropriate  to  present  first,  an  overview  of  the  cost 
hazards  for  each  of  the  technologies  and  materials  analyzed  in  References 
5,  7  and  8  and,  second,  comparative  charts  or  formats  showing  the  impact 
of  manufacturing  technologies,  discrete  part  dimensions,  etc.  These 
two  groups  of  formats  or  charts  are  presented  in  Sections  2.3.1  and 
2.3.2,  respectively,  and  are  applied  in  the  conceptual  design  phase 
where  innovative  structural  design  concepts  need  to  be  developed.  It 
is  at  this  time,  that  the  manufacturing  methods,  including  assembly 
techniques,  are,  in  general,  determined.  In  the  case  of  a  fuselage 
panel,  the  materials  and  configuration  of  skins,  panels,  frames  and 
stringers  (number  and  shapes),  are  determined. 


2-3 


COST 

IMPACT 

OF 

DECISION 

NUMBER 

OF 

DECISIONS 


FRE-FROFOSAL  AND  FROFOSAL  DESIGN  PHASE 


FLANNINO/TOOLING  FHAK 
TIME 


MANUFACTURING 
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FIGURE  2.1-4  IMPACT  OF  COST  ON  EARLY  DECISIONS  CONCERNING  TOOLING 
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The  applicability  of  the  two  categories  of  conceptual  design  formats 
is  shown  in  Figure  2.1-5.  To  determine  the  data  on  which  these  curves 
are  based,  a  series  of  discrete  parts,  i.e.,  base  parts  with  designer 
influenced  cost  elements  (DICE)  were  analyzed  using  cost  estimating 
methods  generally  accepted  throughout  industry.  These  methods  are 
discussed  in  Reference  5,  and  typical  parts  analyzed  are  shown  in  Figure 
2.1-6.  The  base  parts,  DICE  and  joining  trade-off  factors  for  sheet 
metal  assemblies  are  shown  in  Figure  2.1-7  to  indicate  how  a  trade-off 
study  is  conducted.  The  interaction  between  the  MC/DG  and  the  design 
process  is  shown  in  Figure  2.1-8.  In  the  latter  figure,  it  will  be 
noted  that  when  selecting  the  material,  etc.,  the  designer  must  consider 
factors  such  as  temperature,  environment,  galvanic  compatibility,  material 
allowables,  heat  treatment,  damageability,  fatigue  life  and  available 
space. 

The  formats  or  charts  are  presented  in  such  a  way  that  the  designer 
can  identify  and  maximize  the  number  of  cost-drivers  addressed  during 
the  design  process.  The  illustrations  are  also  intended  to  stimulate 
designer  interest  in  reducing  costs  and  are,  therefore,  structured  to 
address  the  needs  of  the  designer  in  a  simple,  not  time  consuming  way. 

In  summary,  the  input  at  the  conceptual  design  phase  considerations 
will  include  quantity,  aerospace  system  general  configuration,  loads, 
cost/weight  relationships,  maintenance  and  environmental  factors.  The 
output,  using  the  "MC/DG  for  Conceptual  Design",  will  be  affordable 
conceptual  designs,  material  systems,  assembly  configurations  with  some 
details  and  cost/weight-effective  use  of  emerging  materials  and 
manufacturing  technologies  —  all  leading  to  lower  acquisition  costs. 
However,  it  should  be  stressed  that  the  complete  series  of  MC/DG  volumes 
can  also  be  utilized  to  evaluate  the  production  costs  of  various 
alternative  designs,  which  not  only  respond  to  weight  and  similar 
performance  requirements,  but  also  to  the  maintenance  and  repair 
requirements  of  the  life  cycle  of  the  system. 


2.3  CONCEPTUAL  DESIGN  GUIDE  ORGANIZATION 


2.3.1  Cost  Hazard  Avoidance 


Each  format  included  in  this  section  indicates  the  magnitude 
(relative  or  actual)  of  one  or  more  cost-drivers.  Due  to  the  complexity 
of  some  of  the  manufacturing  processes,  diagrams  have  been  prepared 
to  quickly  reveal  potential  cost  hazards.  For  example,  in  the  case 
of  machining,  the  increase  or  decrease  of  cost,  material  removal  rate, 
or  material  utilization,  is  presented  as  a  function  of  the  primary 
parameter  in  this  diagram.  The  diagrams  are  prepared  not  only  to  guide 
the  conceptual  designer  in  the  direction  of  low-cost  structural  assemblies 
and  discrete  parts,  but  also  to  provide  guidance  to  manufacturing, 
procurement  and  management  personnel,  and  indeed  the  customer,  with 
a  ready  overview  of  these  cost-drivers.  By  utilizing  References  5, 
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USE  MC/DG  FOR  USE  MC/DG  COST-ESTIMATING  DATA  (CEO) 

CONCEPTUAL  DESIGN  HERE  _ SECTIONS  FOR  TRADE-OFFS  HERE 
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FIGURE  2.1-5  TRADE-OFF  STUDY  FLOW 
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STRUCTURAL  ASSEMBLY 
WITH  SHEET  METAL 
PARTS  JOINED  BY 
MECHANICAL  FASTENING 


UTILIZE  DATA  AND 
FORMATS  DEVELOPED 
FOR  DEMONSTRATION 
SECTION 


TRADE  OFF  BETWEEN 
VARIOUS  SHEET-METAL 
CONFIGURATIONS 


LT-nrujT. 


♦RiBomwndid  to  b*  dt««tap«d 


FIGURE  2.1-7  UTILIZATION  OF  MC/DG  SECTIONS  FOR  SHEET-METAL  AEROSPACE  DISCRETE 
PARTS  &  MECHANICALLY  FASTENED  ASSEMBLIES 
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MANUFACTURING  COST/DESIGN  GUIDE 
DESIGN  PROCESS  INTERACTION 
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FIGURE  2.1-8  MANUFACTURING  COST/DESIGN  GUIDE  AND  DESIGN  PROCESS  INTERACTION 
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7  and  8>  the  designer  can  determine  the  man-hours  of  each  cost-driver. 
Such  guidance  will  prove  to  be  very  useful  to  Inexperienced  or  unseasoned 
designers,  who  may  not  have  shop  experience  or  have  been  trained  In 
design  at  the  colleges  or  universities.  Furthermore,  these  diagrams 
promote  and  encourage  design/manufacturing  Interaction,  so  important 
In  achieving  lower  cost  aerospace  systems  that  perform  efficiently 
throughout  their  life  cycle. 

Serving  as  an  example,  let  us  study  machining.  The  most  significant 
cost-drivers  are: 

•  Materials  type  and  heat  treat  range 

•  Volume  of  material  removed 

•  Surface  finish  requirements 

•  Dimensional  tolerances. 

When  designing  machined  bulkheads,  frames,  ribs  or  spars,  the  designer 
must  address  the  following  cost-drivers: 

•  #  Varying  flange  angles 

•  Material  removed  •  Boring  and  drilling  of  holes 

e  Pockets  or  slots  •  Varying  corner  radii  and  schamfers 

•  Internal  stiffeners 

Further,  In  the  case  of  machining,  the  following  are  a  series  of  designer 
Influenced  cost  elements  (DICE)  which  must  be  consider: 

•  Taper  ^  Webs/flanges 

•  Pockets  n  Tolerances 

•  Blind  holes  0  Surface  finish. 

It  Is  again  Important  to  emphasize  that  material  selection  for 
an  airframe  Is  a  complex  process  that  does  not  relate  only  to  cost. 
Factors  frequently  Involved  In  finalizing,  for  example,  an  alloy  selection 
and  which  may  precede  cost  considerations  are: 

•  Tensile  and  compressive  strengths 
f  Bearing  strength 

•  Fatigue  strength 

•  Damage  tolerance 
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•  Corrosion  avoidance 
t  Available  space  for  the  part. 


2.3.1. 1  Manufacturing  Technologies 

This  report  section  addresses  the  manufacturing  technologies  which 
have  been  earlier  analyzed  and  provides  the  designer  with  an  overview 
of  significant  cost-drivers,  many  of  which  need  to  be  addressed  at  the 
outset  of  system  development.  The  majority  will  eventually  be  considered 
in  trade-off  studies  until  the  production  go-ahead  is  given.  These 
manufacturing  technologies  considered  here  are  for: 

•  Sheet  metal 

•  Extrusions 

t  Castings 

•  Forgings 

t  Machining  (metals) 

•  Mechanically  fastened  assemblies 

•  Composite  methods 

•  Superplastic  forming. 


2.3. 1.2  Test,  Inspection  and  Evaluation 

In  many  trade-off  studies,  the  man-hours  involved  in  the  complex 
test,  inspeccion  and  evaluation  (TI&E)  processes  are  seldom  evaluated 
or  included  in  the  analysis.  In  some  cases,  results  of  the  trade-off 
studies  will  not  be  meaningful  or  of  sufficient  accuracy  unless  the 
man-hours  for  TI&E  are  included.  In  this  section,  a  series  of 
illustrations  are  presented  to  guide  the  designer  With  respect  to  TI&E. 
The  technologies  included  are: 

•  Casting 

0  Forging 

•  Composites 

•  Assembly. 
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2.3.2  Cost-Driver  Effect  Design  Charts 
2. 3. 2.1  Manufacturing  Technologies 

The  objective  of  this  section  of  the  “MC/DG  for  Conceptual  Design" 
is  to  provide  the  relative  cost  of  various  cost  drivers,  materials  and 
manufacturing  technologies,  for  the  following: 

•  Sheet  metal 

•  Extrusions 

•  Castings 

•  Forgings 

•  Machining  (metals) 

t  Mechanically  fastened  assemblies 

§  Composites 

•  Superplastic  forming  (SPF) 

•  Test,  inspection  and  evaluation  (TI&E). 

Again,  these  formats  are  not  used  for  trade-off  studies,  but  are  intended 
to  guide  the  designer,  from  the  outset,  in  the  development  of  lower-cost 
discrete  parts,  structural  design  configurations  and  assemblies.  In 
several  instances,  the  designer  influenced  cost  elements  (DICE)  are 
also  presented  to  indicate  to  the  designer  the  potential  cost  of  certain 
design  refinements  normally  specified.  By  reviewing  these  qualitative 
formats,  the  designer  will  be  able  to  make  high-confidence  decisions 
leading  to  low-cost  designs,  while  also  meeting  the  other  design  require¬ 
ments  mentioned  earlier,  e.g.,  ease  of  repair.  In  each  case,  the  formats 
have  been  based  on  calculations  in  accordance  with  detailed  and  general 
ground  rules  published  in  References  5,  7  and  8. 


2. 3. 2. 2  Test,  Inspection  and  Evaluation 

The  need  for  qualitative  and  quantitative  data  for  test,  inspection 
and  evaluation  (TI&E)  was  discussed  in  Section  2. 1.1. 2  of  this  report. 
The  formats  showing  relative  trends  for  sheet  metal,  composites  and 
machining  are  included  in  the  second  category  for  conceptual  design 
use.  However,  the  user  should  also  refer  to  the  cost-driver  effect 
(CDE)  volumes  (References  5,  7  and  8)  for  additional  information  useful 
to  design  for  ease  of  inspection. 
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2,4  FORMAT  AND  GROUND  RULE  LOCATORS 


A  large  number  of  designer-oriented  formats  or  charts  have  been 
prepared  under  four  Air  Force  contracts  from  1975  through  1988.  These 
contracts  are: 

•  F33615-75-C-5194 

f  F33615~77-C-5027 

•  F33615-79-C-5102 

•  F33615-85-C-5016. 

The  series  of  volumes  contain  both  formats  and  ground  rules  for 
manufacturing  technologies  applicable  to  both  metallic  and  composite 
materials  and  structures. 

To  aid  designers  in  retrieving  this  data,  a  series  of  format  and 
ground  rule  locators  have  been  prepared.  These  locators  are  included 
in  this  report  as  Appendix  C. 
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2.5  LEARNING  CURVES 


2.5.1  The  Theoretical  Curve 

During  the  application  of  the  MC/DG  for  conducting  trade-off  studies 
between  structural  performance  (which  also  includes  such  considerations 
as  damageability*  corrosion,  etc.)  and  manufacturing  cost,  it  is  necessary 
to  refer  to  typical  aerospace  industry  learning  curve  factors  such  as 
shown  in  Table  2.5-1. 

In  referring  to  the  ground  rules  for  the  various  manufacturing 
technologies  in  References  5,  7,  and  8,  the  designer  needs  to  have  some 
knowledge  of  those  costs  which  are  included  or  omitted  in  the  ground 
rules  unde'  recurring  and  nonrecurring  cost  categories.  These  are 
indicated  below: 

a)  Recurring  Costs 

•  Rate  or  production  tooling  (tool  design,  numerically  controlled 
programming,  production  planning,  tool  manufacturing) 

t  Tool  maintenance  (repair,  realignment  and  refurbishment) 

•  Production  labor 

•  Inspection  labor  (quality  control) 

•  Material  cost  (raw  material  and  procurement) 

•  Engineering  changes  (increase  or  decrease  cost) 

•  Engineering  maintenance  (liaison,  etc.) 

•  Manufacturing  engineering  (liaison) 

•  Production  control 

t  Production  planning  (work  orders,  etc.) 

•  Industrial  engineering 

•  Configuration  control /verification 

§  Methods,  studies  and  improvements 

t  Perishable  or  consumable  tools  (cutters/drills,  reamers,  etc.) 

t  Facilities  and  equipment  maintenance 

•  Recruiting  and  training  personnel. 
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TABLE  2.5-1  TYPICAL  AEROSPACE  INDUSTRY  LEARNING  CURVE  VALUES 


Manufacturing  Category 

Learning  Curve 
Value 

Assembly;  Controls 

85% 

Assembly;  Electrical 

80% 

Assembly;  Hydraulics,  Pneumatics 

85% 

Structural  Assembly  -  Bench  (Sheet  Metal  Parts) 

85% 

Structural  Assembly  -  Floor 

75% 

Structural  Assembly  -  Final 

^  70% 

Mechanism  Assembly  -  Bench  (Machined  Parts) 

80% 

Functional  Installation 

65% 

Machining;  Conventional 

80% 

Machining;  Numerical  Control 

95% 

Filament  Winding 

85-90% 

Pultrusion/Wrapping 

85% 

Sheet  Metal  Fabrication 

90% 

Composite  Lay-up 

85% 

Adhesive  Bonding 

' 

-  Assembly 

75-80% 

-  Curing 

90% 

Brazing 

75% 

Welding 

70-80% 
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b)  Nonrecurring  costs 

•  Basic  engineering  design/specifications 

•  Initial  or  basic  manufacturing  engineering  costs  (tool  design, 
NC  programming,  production  planning  and  tool  manufacturing) 

•  Rearrangement  costs  for  factory  and  facilities  for  new  products 
and  new  equipment 

•  Tool  inspection  of  basic  and  initial  tooling 

•  Bidding/proposal  cost 

•  Engineering  testing  and  evaluation 

•  Original  industrial  engineering  (time  standard  data/line  loading, 
etc.) 

•  Quality  control  procedures/testing  support. 

A  typical  learning  curve  for  military  aircraft  production  is  shown 
in  Figure  2.5-1. 


2.5.2  Actual  Learning  Curves 

For  any  product  to  be  competitive,  learning  must  always  be  achieved. 
However,  there  are  specific,  frequently  observed  reasons  for  failure 
to  achieve  learning  Improvement,  and  these  include: 

•  Basic  cost  estimating  inaccuracies 

•  Inconsi latent  ground  rules 

•  Economic  order  quantity  not  achieved  throughout  program  (schedules 
may  be  stretched  on  large  projects) 

t  Skilled  labor  turnover  on  multiyear  projects 

•  Quality  assurance  costs  are  initially  underestimated,  especially 
for  advanced  materials  and  joining  methods 

•  Significant  engineering  changes  incorporated  after  production 
go-ahead 
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FIGURE  2.5-1  TYPICAL  LEARNING  CURVE  FOR  MILITARY  AIRCRAFT  PRODUCTION 


•  Past  experience  may  not  be  carried  over  for  all  project  types 

•  Lack  of  financial  Incentives 

f  Flow  of  materials  and  parts  not  optimized*  e.g.,  group  technology 
and  computer  Integrated  manufacturing  system  may  not  be  widely 
used 

•  Cost  schedule  monitoring  through  manufacturing  to  output  require¬ 
ments  Inadequate 

•  Lack  of  emphasis  on  sustaining  engineering  to  minimize  high 
cost  areas. 

It  should  be  noted  that  a  larger  number  of  formats  or  charts  are 
Included  for  superplastic  forming  (SPF)  than  for  the  other  manufacturing 
technologies  In  the  “HC/DG  for  Conceptual  Design".  For  certain  categories 
of  aerospace  vehicles,  SPF  Is  still  considered  to  be  an  emerging 
technology.  Probably  the  most  effective  way  to  achieve  technology 
transfer  of  an  emerging  technology  is  to  provide  cost  Information  at 
the  outset  of  system's  development.  This  enables  the  designer  to 
establish  realistic  cost-effectiveness  values  of  merit  to  justify  the 
use  of  the  technology.  The  data  also  enables  the  designer  to  address 
any  cost-drivers  with  the  emerging  technology  and  to  request  assistance 
of  manufacturing  engineering  and  other  associated  disciplines. 
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FIGURE  2.3-9  SELECTION  AID  FOR  DESIGNER  COST  HAZARD  ILLUSTRATIONS 
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DESIGNERS!  COST  TRENDS 

TEST,  INSPECTION  &  EVALUATION  FOR 

GARBOM/EPOXY  COMPOSITESi 


SKIN:  SINGLE  CURVATURE 


SKIN:  SINGLE  CURVATURE 


CONCEPTUAL  DESIGN  (CD) 


FIGURE  2.3-10  SELECTION  AID  FOR  TECHNOLOGY  COST  GUIDANCE 
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CONCEPTUAL  DESIGN  (CD) 
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EFFECT  OF  CROSS-SECTION  AND  MATERIAL  ON  PART 
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RELATIVE  COST 


EFFECT  OF  FORMING  PROCESS  AND  MATERIAL 
ON  PART  FORMING  COST 
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EFFECT  OF  FORMINQ  PROCESS  AND  MATERIAL 
ON  PART  FORMINQ  COST 
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CONCEPTUAL  DESIGN  (CD) 


RELATIVE  COST 


EFFECT  OF  MATERIAL  ON  COST  OF 
ALUMINUM  EXTRUSIONS 


EFFECT  OF  MATERIAL  ON  THE  COST/FOOT 
OF  AN  EXTRUSION 


TOTS-  Ti  OAI-OV  PH  13-0  4340 

TSS11 


CD-EXTN-li 


2-42 


FABRICATION  COST  OF  CURVED  PARTS 
MADE  FROM  EXTRUSIONS 
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A 


COST  IMPACT  OF  TRIMMED  EDGES 
COMPARED  TO  AS  EXTRUDED  EDGES 
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CONCEPTUAL  DESIGN  (CD) 
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EFFECT  OF  *«PECIFICATION  SELECTION”  ON  COST  OF 
35e/A386  ALUMINUM  SAND  CASTINGS 


Relative  Cost  Relative  Cost  Relative  Cost 

of  casting  of  casting  of  casting 


CASTING  TOLSRANCIS 


17-4PH  Investment  Cast  17-4PH  Investment  Cast 


±0.01  ±0.02  ±0.03  ±0.01  ±0.02  ±0.03 


3S6/A3S6  Aluminum  3S6/A356  Aluminum 

Investment  Cast  Investment  Cast 


±0.01  ±0.02  ±0.03  ±0.01  ±0.02  ±0.03 


356/A356  Aluminum  3S6/A356  Aluminum 


Sand  Cast  Sand  Cast 


±0.01  ±0.02  ±0.03  ±0.01  ±0.02  ±0.03 


Linear  Tolerance,  Inches  Wall  Tolerance,  Inches 

0  Impractical 

(D  Based  on  a  7-Inch  Linear  Dimension  - 

^  CD-OICE-C-I 
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X-RAY  QRADI  RCQUiREMCNT 


CASTING 
MATERIAL  A 
PROCESS 

X-RAY  GRADE 

COST 

EPPECT 

38e/A386 

DORC 

BASE 

ALUMINUM 

D  OR  C  WITH  10%  B 

•M8% 

SAND  CAST 

D  OR  C  WITH  50%  B 

t>28% 

B 

H0% 

38S/A356 

OORC 

BASE 

ALUMINUM 

D  OR  C  WITH  10%  B 

♦10% 

INVESTMENT 

D  OR  C  WITH  80%  B 

♦20% 

CAST 

B 

♦80% 

17-4PH  CRES 

DORC 

BASE 

INVESTMENT 

D  OR  C  WITH  10%  B 

♦20% 

CAST 

D  OR  C  WITH  ^0%  B 

♦30% 

B 

♦00% 

NOTE:  X-Ray  Qrada  A  la  an  Impraetieal  Raquiramant  for 
Oanaral  or  Local  Araaa  of  Casting. 


CO-OICE-C-II 
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R«teliv«  Cost  Relative  Cost  RatoUve  Cost 

of  Catting  of  Catling  of  Catting 


COST  IMPACT  OP  CHANQI  IN  CAST  THICKNISS 


CAST  SURFACB  FINISH 


Caating  Surface 

Cost  Effort 

Caet 

Surface 

Equivalent 

Machine 

3S0/A3S0 
Aluminum 
Sand  Casting 

FInlah 

Oeeignatlon 

Flnleh  • 

Micro  Inches 

of  Surface 

%  of  Surface 

10^ 

50% 

10% 

50% 

C*2S 

250 

Base 

Base 

m 

B9 

C-20 

200 

♦10% 

♦20% 

C-1S 

ISO 

♦10% 

© 

1 

n 

C-12 

125 

♦10% 

© 

Base 

90 

© 

© 

© 

© 

c-s 

03 

© 

© 

© 

© 

©Impractical 


CP-DICE-C-IV 


IMPACT  OF  CORES  AND  DECREE  OF  CORE  SUPPORT  ON  COST 
OF  ALUMINUM  SAND  CASTINGS 


Minimum 

Support 


Incraaaing 

Support 


Wall 

Supported 


CD-OICE-C-V 
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EFFECT  OF  THROUGH  G  BUND  HOUIS  ON  THE  COST  OF 

CASTINQS 


356/A3S6  Aluminum 


4  8  12 

Hoto  L«ngth/Oi«meHir  RaMo 


^  Impractical 


356/A356  Aluminum  A  17*4  Crat 


Hole  Langth/Dlamatar  Ratio 


CD-DICE-C-VI 
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CONCEPTUAL  DESIGN 


SUPERPLASTIC  FORMING  (SPF) 
AND  SPF  DIFFUSION  BONDING 
(SPF/DB) 


TEST,  INSPECTION  AND 
EVALUATION  (TIAE) 


Web  Thickness 
CD-DICE-FP-III 


MLATM  CMT 


IMPACT  OF  MATERIAL  ON  RECURRING  COST  OF  TITANIUM  AND 
STEEL  CONVENTIONAL  FORGINGS 


nwaMIO  AMIT  -  VOIUMI  -  m  CU  M:  MAN  «MA  -  tl«  KL  Ml;  L-MT,  «-r , 
DUMN  QUMITITT  -  m  NMT*;  MIT  aUMmrV  -  N  MMTt 
IIACIIM»iaOH»OIWMOTOnimmD>HTNOTMCMIfl«D 


MATIMM. 

WnONT 

CONVtNTWNM. 

■LOCMIM 

l«nM.UIIMUM 

wia. 

Nia. 

Ml*. 

TtAAMV 

ML*. 

Ml*. 

Ittl*. 

«»«tVACSTlII. 

niBL 

tML*. 

IMIB. 

1  1 TONOMO  MCUMIMO  COST 

mi 

MIMUn  DM  CMT 

CD-FC-II 
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IMPACT  OF  SUPPUER  TOOUNQ  COST 


IMPACT  OF  COMPtEXITY  ON  RECURRING 
COST  OF  CONVENTIONAL  FORGINGS 


MlATIVf  COST 


IMM^CT  OP  QUANTITY  ON  RECURRINQ  COST  OP 
CONVENTIONAL  PORQINQS 


IMPACT  OP  PORQINQ  SIZE  (PLAN  AREA)  ON  THE  SETUP 
COST/PART  POR  CONVENTIONAL  PORQINQS 


100  SOO  1000 

PLAN  ANIA  —  to.  IN. 


NOTE:  SAUD  ON  gUV  QUANTITY  OF  2S 


CD-FC-VII 
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RELATIVE  COST 


HAND  AND  ROLLED  RING  FOROINQ 
EFFECT  OF  MATERIAL  ON  COSTIPOUND  OR  COST/CUBIC  INCH 


ALUMINUM  PRECISION  FOROINQ 
EFFECT  OF  FOROINQ  COMPLEXITY  ON  RECURRINQ 
AND  NONRECURRING  COSTS 


RECURRINQ  COST 


EORGINQ  CLASSIFICATION 


FORGING  CLASSIFICATION 


CD-FW 
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RCLATIVe  COST 


BFFECT  OF  ORDER  QUANTITY  ON  RECURRINQ  COST 


ALUMINUM  PRECISION  FORQINQS 

EFFECT  OF  LOFT  CONTOUR  ON  RECURRINQ  AND  NONRECURRING  COST 


RELATIVE  COST 


ALUMINUM  PRECISION  FORQINQS 
EFFECT  OF  RIB  HEIGHT  ON  RECURRING  AND  NONRECURRING  COST 


0.180  0.120 
WES  THICKNESS,  INCHES 
NOTE:  BASED  ON  A  100  SO.  IN.  SORQINQ 


CD-DICE-FP-III 
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CONCEPTUAL  DESION  (CD) 


Z-hO 


OliTMnsional 

Tol«rancM 

CD4«/C0(IX 
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COMPARATIVE  MEIAL  REMOVAL  RATES 
STEELS 

(P^riphml  End  Milling) 


STIILSt 


0  0.10 

u . ■«— 


ComparaHM  MtW  miiiQ»al  Halt,  1.00  ■  (Aluminum,  HM  Tool) 

OJO  0.M  0.40  0.M  0.00  . 

■  »  ■  *  ^ 


1.00  ^  1.00 


41M  MofmtOitO  or  QOT: 
I30-1SS  ktl 


•310  Vacuum  MaHiO; 

19S-100  All 

17-4  PH  Catl;  Oalullon 
Tmal  or  MarOtnt*  1i0>100  M 


17-4  PHI 
Tmal  or  I 


434t  Hormi 
100-300  ktl 


PH  13-OMo  H1000:  100  ktl 
PH  134M0  HOOO:  310  ktl 

HP  04M  QOT: 


•.at* 


•.It 


3M-240  ktl 

HP  0430  QOT; 
330-240  ktl 

4330V  QOT: 
230-340  ktl 

AP  1419  MtrtttO; 
230  kil 

300M  QOT: 
aOO-lOO  ktl 


CD-M/C-II 


2-62 


EXAMPLES  OF  MATERIAL  UTIUZATION  FOR  VARIOUS  FORMSi 
PLATE,  BAR,  ROD,  AND  FORQINQS 


(ExcludM  Drilling  Hol«t,  etc.) 


Maltrial 

Form 


MachinaO 

Plait 


Machintd 
Bar  «  Rod 


Prtciaion 

Forglii9 


Convtnilonal 

Forging 


Blocktr 

Forging 


M«l«rial 


Approxlmat*  MatBrlal  Utlllzallon  Rang#,  Parcant 

20  40  60  SO 

■  i,  ■  ■  I  III  ■  I 


Aluminum 


Titanium 


High  Slrtnglh  SittI 


Aluminum 


Titanium 


High  Slrtnglh  Slttl 


Aluminum 


Titanium 


Aluminum 


Tilanium 


High  Slrtnglh  Slttl 


Aluminum 


Tilanium 


High  Slrtnglh  Slttl 


CD-M/OIII 


2-63 


Him  RIMOVAL  RATIOS  FOR  TI1ANIUM  RARS  AND  RODS 
OINIRAU.Y  APPUCABLS  TOt  ALUMINUM  AND  STSBL 


PrinrtptI  Wnictiiial  OpUcHloin: 

tiMNa,  Traakt,  UMm  and  tmad  Parte  WHara  Material  Grain 
nam  Doaa  Nal  JnsWy  Forgad  Part 

IWa4P 

MMtef,  Gorlnt,  tawlni,  OilMng  T»pleal  MacWnad  Parte  Mada  Frem  Bar 


CalMomMOfvMon 

METAL  REMOVAL  RATIOS  FOR  TI1ANIUM  PLATE  GENERALLY 
_ APPUCARLE  TOi  ALUMINUM  AND  STEEL _ 

Principal  Slruetural  AppNcaBana: 

Secondary  Wing  WknatHm,  Liadteg  and 
Trading  Cdga  lntegraMy‘SIHtenad  Sklna 

nn-a— a  m  ^  ^  .a  ^ M  ^  ..a 

Vp^poS^o^Pa 

PetalWa  Altomalteo  ConSguraHona: 


TtftttesI  Crots  SscNofi  MscMMd 

■  yg^^ar^^a  nnaapww  a^^^nra^a^aw 

hoM  Flat  Ftato 

Malal  WanioMl  RaMo  -  19:1 


Typicai  Croat  Saedon  MocNnad 

■nai^oi  ^  -  -**  - 

miM  HOMO  sscROfi 

Matel  Romoval  RaMo  -  19:1 


Avaraga  Motel  Ranwaal  RaMo  artNt  i 
lor  McaHop,  MacMna  Grip  and  Trim  -  14.9:' 


Court»»fotLottkh90tlAlivtanSytl9itm  Companf, 
CaUtomlBOMiilon 


CD-M/C-V 


EFFKCT  OF  FLANQE/ATTACHMINT  CONFIQURATION  FOR 

SRARS  AND  RIBS 


RELATIVE  TOIAL  COST  OF  PARTS  MACHINED  FROM  FORQINOS 

AND  BAR  STOCK 
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EFFECT  OF  METAL  REMOVED  ON  MACNININQ  TIME 
DEEP  POCKET  VS.  SHALLOW  (RIQID)  POCKET 


ALUMINUM 


Otptti 

Tim*  to  Compltltt  Pock«l  in  MlnutM 

2  4  6  8  10  12  14  16  16  20 

1/r 

|0.2 

1" 

tl* 

■a 

■  o.6 

mm 

mLi _  ' _ _ 

TITANIUM 


CD-M/C-VIII 


INFLUENCE  OF:  PART  SIZE,  PART  COMPLEXITY,  AND  LOT  SIZE 
ON  MACHINE  TOOL  SELECTION  AND  OPERATING  COST 


S' 

Small 

1 

1  Medium 

L 

Uirge 

Part  Site 

Complexity 

Small 

Simple 

Average 

Cemplei 

fxotle 

Medium 

Simple 

Average 

Cemplei 

fiotle 

Large 

Simple 

Average 

Cemplei 

Eiolle 

S:  1>10 


M:  10-30 


S:  1-10 


M:  10-30 


S:  1-10 


M:  10-30 


S:  1-10 


M:  10-30 


S:  1-10 


M:  10-30 


S:  1-10 


M;  10-30 


S:  1-10 


M;  10-30 


S:  1-10 


M:  10-30 


•:  1-10 


M:  10-30 


M:  10-30 


8:  1-10 


M;  10-30 


8:  1-10 


M;  10-30 


MoetiiiM  Teel  Site 


Number  ef  Axee 


innaanaagai 

■I 


Relative  Operating  Cest:  1 


CD-M/C-IX 
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IMalivt  Malwtal  Removal  Rala 


RELATIVE  TIME  TO  MACHINE 
FOR  TURNING 


RELATIVE  TIME  TO  MACHINE 
FOREND-MILUNQ 


‘Volumalrlc  Cutting  Rala;  Eaelutlva 
ol  Setup  and  Handling 


CD-M/C-X 


‘VolunMlrlc  Culling  Rala;  Caelutlve 
el  Setup  and  Handling 


CD-M/C-XI 


RELATIVE  TIME  TO  MACHINE 
FORDRILUNQ 


RELATIVE  TIME  TO  MACHINE 
FOR  REAMING 


'Vetumetrlc  Culling  Rate;  Eieluilve 
ol  Setup  and  Handling 


CD-M/C-Xli 


’Velumelric  Cutting  Rale;  Eaduaive 
el  Setup  and  Handling 


CD-M/OXi9l 
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Cost  (Tool  ond  R 


RELATIVE  COST  OF  INCREASING  PART  COMPLEXITY 


a  Aluminum  TIttnIum  High  SIrongth  Stool* 

•Altor  Hool-TmoimonI  (Prior  to  Hoot* 

Troolmont  Will  bo  Lots  Thon  THonium) 


RELATIVE  COST  OF  STAMPING  VS.  MACHINING  FOR  A 
SPECIFIC  TYPE  OF  SHEET  METAL  PART 


CD-M/C-XVI 


Ouontlty 


CD-M/C-XVIl 


Retollv*  MacMfiing  Cotl 


MACHININQ  OF  CASTINGS  AND  FORQINQS 


356/A  356  17-4PH 

Aluminum  Cret  and 


*  Surface  finish  shown 
in  mieio^inches. 


Titanium 


CD-M/C-XVIll 


Total  Toltranet,  Snehta 
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CONCEPTUAL  DESIGN  (CD) 
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COST  DISTRIBUTION  FOR  ALUMINUM  FUSELAGE  STRUCTURE 
OF  MEDIUM  TO  LARGE  COMMERCIAUMIUTARY  TRANSPORT 


•  M  a  Mal*rlal 

••Fa  Fabrication  Labor 

*  A  a  Aaaombly  Labor 

Coat  Farconiagaa  Shown  art 

Thoaa  for  tha  Total  Wing  Boa  Ataambly. 
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By  Cost  Elomont  By  Componont 

(FibrlcaWon;  MatarMs  and  Labor) 

CD-MFA-III 


ACCESSIBBUTY  FACTORS  FOR  MANUAL  ASSEMBLY  OF 
ALUMINUM  ANO  TITANIUM  STRUCTURES 


BENCH  SUBASSEMBLY 


Factor:  to 

1.5 

2.5 

*  ISO  MoOOVflDly  lOONVIy  ISOCfUifOO 

•  SHnpla  Aaianibly  Fintuia  OaquHad 

•  Comptaa  Aaaawbty  Fictuia  Raqoliad 

•  PNol  Hetos  In  AH  OMaN  aarts 

•  aubsssEitiWy  Nsfidlsd  br  Otis 
Opsfsiof 

•  Ragubaa  Lifting  and  RoMHon  M  n>. 

ItlfB  IB  !*WIYklS  ABBSSBIMIIIY  fO 

Aaumhla 

•  aarthnnad  bf  Ona  Opatator 

^  Abuvs  AssfBQS  Fifi^sf  Osstsfity 

*  NsduNss  CscsHsfit  Plti^Sf  Osirtsrtty 

*  AoBfBQB  l^iflQBf 

DSMlSHty  I^SI|UlfBtf 

IVqti  trail 

•  Slandaid  Rivaling  Ibola  Uaad 

•  LIgM  WatgW 

*  opociM  fsissfins  fopiB  nssoso 

*  wonoo  fosoi  ouoo  ono  spscif^ 

*  Soma  LayOwl  of  Nolo  PaWarn 

•  Slandawl  Ibola  Uaad 

1  VSSRUIfSB 

•  May  Ragulra  Soma  Lay.O«il  of  Hola 

Closs  ^WsfBfics  NoNs 

•  SImpla  guhaaaaiwtily 

SpMing 

•  ni4ip  and  IHmmIng  Raquliad 

*  vfwy  Lioni  ^ofwSio  nsTiB  loovmu 

*  ItMad  niaal  Spacing 

As^utfod 

•  MtiMpla  Rlwal  Oiamalafa  and 

*  NsRulfSB  Sscovid  ^^ststof 

Langiha  Raquliad 

*  OHIIIVO  ORSCIW  V^OISIBv  VSS^NfSQ 

•  Conalaiant  INvat  ^Wam 

*  Raalriciad  Accaaa 

*  May  Raquba  HandHng  Davica 

•  AH  Maala  al  Sama  Dlamatar 

•  CiWcal  Aaaambly  Saguanca 

Nacaaaaiy 

*  No  CloBO  IblofBnco  Hoiss 

H  A  Sma 

H  ISO  nffllfTllfl^  ^WfllWOw 

1 

1  _ 

•  Tha  abowa  accaaaH>HMy  (actofa  aia  nol  appiicabla  lo  automalic  faalanino. 

CD-MFA-IV 
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ACCESSIBIUTY  FACTORS  FOR  MANUAL  ASSEMBLY  OF 
ALUMINUM  AND  TIIANIUM  STRUCTURES  (Continual) 


2-75 


ACCISSIBIUTY  FACTORS  FOR  MANUAL  ASSIMBLY  OF 
ALUMINUM  AND  TI1ANIUM  STRUCTURBS  (Continued) 


FINAL  ASSEMBLY 


Factor 


riiPfiBS  s*v  i^WfWRCSi 

Only 


•  No  Wlfo  l^nniuBtlons 


InLossThSiiM 


nv^^wnfimH^F  MHVfi^wy 


•  WoftlM 


•  Half  lHyilia  WatMnt  in  Oarii  Aran 
wMh  Orai>  UgNa 

*  no  lOwi  inisfwvonGo 


^  Abw  A^sfBQO  ^InQSf  OsRlsflly 
nsquiTsN 

*  boiPioo  nwnovr  nrovOTins  niom^ 


•  UmNatf  Hiiiwbar  ol  WIra 


Coraniufilcation  0atwnn 


or  Ovorhoart  Crampod  Arao— 


*  $iB||lnig  Ns^uliod 

*  Mkaa^lnn  ^ 

*  vnnwio  m  mmo  ^iviiwn  f^OBOSO 

_  «MaJ*  tarn 


•  In  Wna  Imiwg  ol  Tiiblng  WaqaKad 

•  lAnnInallon  of  WMnfl  naqulrad 

•  P99t  CoraniMniBallon  »alwraan 


^^oi^Ov  liofiiii^  oono  Or  wim 


CrWeal  Uading  Saguanca 


ra  Mbulblian  ^  O^ra^l  ^  a  raMnn  ^  A^ram 

*  woniiffo  m  ofiiop  vovnifioo  moo 


EM*a^  ..'.I.  ■■EV.'.iriA^',  ^il-lil 


Tti#  sbovo  sccsiliWNty  tactois  sis  not  sppllcsbis  to  sutomstlc  fsslsniii9* 


CD-MFArVI 
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COST  IMPACT  OP  INSTALLATION  METHOD 
FOR  ALUMINUM  AND  TI1ANIUM  MECHANICALLY 


I  I  R^eurrtng  {  '  ]  NontvcurHn) 


‘•ndudts  Mw  cowpkH 
op««atian— hoi*  prapamton 
and  taatanar  aatting 


CO-MFAVIII 


4S0«F  800«F  4S0T  MO”F  1.200*f  4S0«F  800”F 


Plain  Kax. 
Nut 


Salf-Locking  Max.  Nut  Salf-loeking  8alf4joelcing 

Nut  Plata 

Nut  _ 


CD-MFArX 


IMPACT  OF  INS1ALLATION  METHOD  ON  TOTAL 
INSTALLED  COST  OP  ALUMINUM  SOL9D  RIVETS 
(MS  30426  A  MS  20470) 


OH^^niSIte 


CD-MFArXI 


IPACT  OP  SIZE  ON  RECURRING 
COST  OP  TYPICAL  METALUC 
SMRS 


IMPACT  OP  FASTENER 
MATERIALS  AND  TYPE  ON  THE 
INSTALLED  FASTENER  COST  FOR 
ALUMINUM  ASSEMBLY  USING 
QEMCOR  METHOD 


•  L  •  so  •  L  >  38'  •  L  •  20'  •  L  -  10' 

•  At  ■  30’  •  Ai  •  18'  •  A,  >  12'  •  Ai  ■ 

•  A|  •  10’  •  A|  •  •  At  •  6'  •  At  •  4’ 


TItantum 


'OtMd  on  olumtnutn  olloya  otillonod  by  cnglo  ttillonors 


CD-MFA-XII 


■  WHt»Of44ut  WaohonNut 


CD-MFA-XIII 


R«UU««  Co«t 


IMPACT  OF  FASTENER 
MATERIAL  AND  TYPE  ON  THE 
INSTALLED  FASTENER  COST  FOR 
ALUMMUme  ASSEMBLY  USING 
SPACEMATIC  TEMPLATES 


IMPACT  OF  INSTALLATION 
METHOD  ON  INSTALLED 
FASTENER  COST  IN 
ALVMIMUM  ASSEMBLY 
SPACEMATIC  VS.  QEMCOR 


IMPACT  OF  INSTALLATION  METHOD  ON  INSTALLED  FASTENER  COST 

IN  TflMMIC/M  ASSEMBLY 
SPACEMATIC  VS.  QEMCOR 


'bptrtok 


1kp«i1ok  IkpMleh 


WMhtr-Nul  WMlMr-Nut  S**l-Nul 

OMiteor  SpMMWile  Oaincor 


SsiMM 

SpatMiMlIc 


I 

! 


CD-MFA-XVIll 


RELATIVE  COST  OF  INSTALUNQ 
AErOPYNAMICALLY  CRITICAL 
ALUS/SSNUS/S  FASTENERS 


RELATIVE  COST  OF  IHSTALUNO 
AERODYNAMICALLY  CRITICAL 
TITANIUM  »VSTENERS 


SIWMd  H*mJ 


I 


CD-MRA-XIX 


D.OQt  mai 


Shcvtd  Head 

CD-MFA-XX 


Coal  ^  FiMiMiar 


EFFECT  OF  SEAUNQ  ON 
FASTENER  INSTALLATION  COST 
TITHNIUM  ASSEMBUES 


EFFECT  OF  SEAUNQ  ON 
FASTENER  INSTALLATIN  COST 
ALUMINUM  AHD  TITANIUM 


COST  iliPAi#r  OF  iNsiALLATiCN*  mETKOD»  ASSESmBLT 
MATERIAL  AND  FASTENER  TYPE 


2-82 


CCST  IMPACT  Or  SEAUNO  FOR 

TITANIUM  ASSEMBLIES 


IPCISeT  OF  SEALINO  ON 


rM9 1  BnBn  in9  imbi 


WW9  I 


ALUMINUM  ASSEMBUES 


CONCEPTUAL  DESIGN  (CD) 
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THERMOPLASTIC  VS.  THERMOSETTINQ  MATRIX 


LAYUP  OPERATION*  OF  FLAT  PANELS 


COMPLETE  MANUFACTURINQ 
PROCESS  FOR 
COMPOSITE  FLAT  PANELS 


Tr^^rmoplastlc  Tharmestt 


Thpftnoplattlc  TMrmoMl 


CD-CR-iilA 


CD-CR-IVA 
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Relative  Cost 


THERMOPLASTIC  VS.  THERMOSETTINQ  MATRIX 


COMPOSITE  STRAIGHT  COMPOSITE  SINE^AVE  SPAR  OR 

HAT  SECTIOH  RIB  WITH  TWO  FLANGES 


INFLUENCE  OF  MATERIAL  FORM 
EDGE  MACHINING  OF  ON  LAYUP  COST 

COMPOSITE  PANEL  THERMOSETTING  MATRIX 


THERMOSETTINQ  MATRIX 


COMPARISON  or  MANUAL  VS. 

NC-LAYUP;  COMPOSITE  SINGLE  INFLUENCE  OF  TAPE  WIDTH  ON 

CURVATURE  PANEL  RECURRING  COST  OF  UNEAL  SHAPES 


I 

I 


CD-C/E-ii  I 


Notes:  . . . 

•  Part  Ungth  .  4«"  I  nn.r/P.III  I 

•  No  Strip  I _  I 


INFLUENCE  OF  CROSS-SECTION  OF  COMPOSITE  STRAiOHT 

I  IMEAI  BjeuBBse.  ise««iiDmuA 


sx\x-t  I  1  tvsxxi  I  KV.VI  I  l\\\N  I  K\\X^ 

r  \  C  T  I 


I 
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THERMOSETTINQ  MATRIX 
UNEAL  M”  SECTION;  RECURRING  COST 


INFLUENCE  OF  CROSS-SECTION  OF  COMPOSITE  CURVBD 
UNEAL  STRUCTURAL  MEMBERS;  RECURRING  COST 


THERMOSETTINQ  MATRIX 

INFLUENCE  OF  RADIUS  OF  CURVATURE  OF  UNEAL  SHAPES; 

RECURRING  COST 


INFLUENCE  OF  WEB  TYPES  IN  BEAMS;  RECURRING  COST 


2 


i 


1 


CD-C/E-X 
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THERMOSETTING  MATRIX 

INFLUENCE  OF  SECTION  OF  COMFOSiTE  MEMBERS  WITH 
SINEJWAVE  WEBS;  RECURRING  COST 


r  c  j  I 


CD-C/E-XI 


r 

x 

n 

U  J\/X 

1  Mato 

1  Famala  1  Famato  B 

2  Mato 

2  Fawtola  2  Mato  * 

2  MatoB 

Band 
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CONCEPTUAL  DESIGN  (CD) 
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TECHNOLOGY  COST  GUIDANCE 


_ 1. _ 

SHEET  METAL 

1 

EXTRUSIONS 

1 

CASTINGS 

1 

FORGINGS 

1 

1  MACHINING 

1  (METALS) 

1 

MECHANICALLY- 
FASTENED  ASSEMBLIES 

1 

1  COMPOSITES 

I  .  .  ,  i 

I 

\SUPERPLASTIC  FORMING  rSPF}) 
1  AND  SPF  DIFFUSION  BONDING  f 

(SRFmR) 


TEST,  INSPECTION  AND 
EVALUATION  (TISS) 


mmmmk 


SPFASPF/DB 
FABRICATION 
wFm. 


I  Spar/Frame  Oasign 
CD-SPF-VA/I 


Wing/Panel  Design 
CD-SPF-I/II 


Part  Size  (Drape) 
CD-SPF-XX 


WIng/RIb  Design 
CD-SPF-lll/IV 


^p^  Ratio  'll 

CD-SPF-XXI  r 


Draft  Angle 
CD-SPF-XXII 


Floor/Keel  Beam  Design 
CD-SPF-VII 


Draft  Angle/Depth 
CD-SPF-XXIII 


Cost  Breakdown 
9P-SPF-VIII 


1 


Female  Ratiius 

CD-SPF-XXIV 


Rejection  Causes 
CL)-SpmX 


"  RIaie  Rad'ius 

CD-SPF-XXV 


I  rrr 


iviaioitQi  V9.  I  auiiv#eiii<s;M 


CD-SPF-X 


1  L 


CD-SPF-XXVi 


Material 

(Diaphi  aym  and  Drape) 
CD-SPF-XI  


I  ~  Material  (Diaphragm) 

T  CD-SPF-XII 


Material  (Bra^7 

CO-SPF-XIII 


Tool  Fabrication 
CD-SPF-XXX 


Initial  Gage 
CD-SPF-XIV 


bCfSp  filSK/RspSK 

CD-SPF-XXXI 


Thickness  Tolerance 
(Diaphragm) 
CD-SPF-XV/XV 


Design 

CD-SPF-XXXlll 


Part  Count 
CD-SPF-XVIl 


Part  Area 

(Diaphragm  and  Drape) 
CD-SPF-XVIll 


Part  Size  (Diaphragm) 
CD-SPF-XIX 


] 


Face  Dimpling 
CD-SPF-XXXVI 


Fabrication  Meth^  j  I 
CD-SPF-XXVII  I 


Material  | 

!  CD-SPF  XXVIII  n 


Ji 


Design  Alternatives 
(SPF/OB) 
CD-SPF-XXXiV 


Number  of  Sheets 
CD-SPF-XXXV 


Structure  Complexity 
(Tooling) 
CD-SPF-XXXVIl 


I 

I 

I 


j 

! 


2-92 


Relintive  structural  Weight 


STRUCTURAL  WEIGHT  COMPARISON  FOR  VARIOUS  WING 
PANEL  CONFIGURATIONS 


TOTAL  MANUFACTURING  COST  COMPARISON  FOR  VARIOUS 
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Cumulative  Average  Cost  (S/Part) 
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RdatiM  Cost 
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RttWiv*  Cost 
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IMPACT  OP  SURFACE  HNISH  CALLOUT  ON  SPF  COST 
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INFLUENCE  OF  NUMBER  OF 
SHEETS  ON  SPF  COST 


RELATIVE  RISK  OF  FACE 
DIMPUNO  OR  QROOVINQ 
(IMPACTINQ  COST)  DURING 
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CONCEPTUAL  DESIGN  (CD) 

TEST,  INSPECTION  &  EVALUATION 
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TEST,  INSPECTION  AND  EVALUATION  (TI&E)  OF  COMPOSITES 
EFFECT  OF  SHAPE  ON  RECURRING  AND  NONRECURRING 

Ti&E  COST 
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TEST,  INSPECTION  AND  EVALUATION  (TI&E)  OF  COMPOSITES 
EFFECT  OF  MAXIMUM  ALLOWABLE  DEFECT  SIZE  ON  TI&E  COST 
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TEST,  INSPECTION  AND  EVALUATION  (TIAE)  FOR  MACHINED  PARTS 

COST  DRIVER  EFFECTS 

EFFECT  OF  MATERIAL  ON  Tl AE  COSTS 


TEST,  INSPECTION  AND  EVALUATION  fTIAE)  FOR  MACHINED  MRTS 

COST  DRIVER  EFFECTS 


2-115 


2.6  SOFTWARE  IMPLEMENTATION 


2.6.1  Summary 

This  section  describes  the  activities  In  developing  computer-based 
software  for  assisting  designers  of  sheet  metal,  mechanically  fastened, 
assemblies.  The  methodology  considered  is  for  reducing  assembly  labor 
costs  by  Indicating  labor-intensive  panel  designs.  This  methodology 
already  exists  In  hard  copy,  Reference  1.  In  the  following,  a  brief 
Introduction  to  the  methodology  Is  given  and  the  current  status  of  the 
software  Is  reported.  The  constituent  software  modules  are  not  Included 
here. 


2.6.2  Ob jecti ve 

The  objective  of  this  task  Is  to  examine  the  potential  of  a 
computer-based  design  aid  by  constructing  a  working  prototype. 

The  methodology  chosen  for  Implementation  was  reported  in  Reference 
1  for  the  design  of  sheet  metal  assemblies.  In  particular,  aerospace 
panels.  The  goal  of  the  method  Is  to  assist  designers  to  rapidly  reduce 
the  cost  of  their  assemblies  by  minimizing  the  labor  required.  The 
users  of  this  method  typically  refer  to  a  collection  of  graphs  and  charts 
and  also  make  simple  hand  calculations  In  order  to  compare  the  assembly 
labor  content  of  different  stiffened  panel  designs. 

It  Is  possible  that  a  satisfactory  Implementation  of  this  designer's 
aid  will  lay  the  groundwork  for  expert  system  applications  to  design-to- 
cost  studies. 


2.6.3  Criteria  for  Development 

The  success  of  the  software  implementation  is  dependent  upon  several 
criteria: 

•  Direct  comparison  with  manual  methods.  The  speed  of  execution 
of  a  computer-based  method  should  reduce  the  required  designer's 
labor  per  candidate  solution  examined.  Designer  labor  Is  con¬ 
sidered  directly  proportional  to  designer  man-hours  and  does 
not  Include:  paper  filing  time,  searching  for  Initial  data, 
and  rate  of  fatigue.  Designer  labor  does  Include:  retrieving 
and  selecting  formats,  reading  formats,  documentation  of  results, 
graph  Interpolations,  and  calculations. 
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•  Additional  benefits.  Other  criteria  should  be  considered  when 
comparing  the  computer  method  to  manual  methods.  These  criteria 
include: 

(1)  Reduced  designer  fatigue  enhancing  innovation 

(2)  Increased  miiformity  of  documentation 

(3)  On-line  help 

(4)  Reduced  risk  of  calculation  errors 

(5)  More  consistent  agreement  of  results  during  independent 
tests. 


2.6.4  Description  of  Methodology 

A  detailed  description  of  the  design  of  sheet  metal  assemblies 
methodology  is  provided  in  Reference  1.  Nevertheless,  a  brief  description 
of  the  methodology  is  also  required  here  before  continuing. 

a) .  Origin 

The  design  of  sheet  metal  assemblies  methodology  was  developed 
in  Reference  1.  It  was  desired  to  reduce  labor  costs  during  the  assembly 
of  stiffened  sheet  metal  panels.  It  was  concluded  that  significant 
cost  reductions  could  be  Indirectly  made  by  aerospace  designers  provided 
with  appropriate  information  which  was  determined  to  be: 

e  Cost  Driver  Effect  formats  -  graphs  showing  the  effect  of  a 
designer's  choice  of  stiffened  panel  design  and  installation 
methods  on  the  man-hours  of  assembly  labor.  The  labor  data 
was  provided  in  normalized  form. 

•  Cost  Estimating  Data  formats  -  graphs  showing  the  estimated 
labor  resulting  from  a  choice  of  stiffened  panel  design  and 
installation  method.  Cost  estimating  data  provides  a  rapid 
estimation  of  the  total  labor  content  of  each  panel. 

b) .  Initial  Requirements 

In  order  to  use  this  design  methodology,  the  following  design/manu¬ 
facturing  factors  must  be  available  for  each  candidate  design  at  the 
beginning  of  the  assembly  design  evaluation  session: 

(1)  Learning  curve 
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(2)  Primary  material :  aluminum  or  titanium 

(3)  Perimeter  of  panel 

(4)  Number  of  parts,  excluding  fasteners 

(5)  Number  of  fasteners 

(6)  Installation  requirements  (sealing  details): 

(a)  dry 

(b)  primer  or  sealant  on  fastener 

(c)  primer  or  sealant  on  fastener  and  faying  surface 

(7)  Hilok  fasteners:  used  or  not  used 

(8)  Production  volume 

(9)  Installation  method  -  manual,  automatic,  rr  combination  of 
these. 

c).  Phase  I:  Cost  Driver  Examination 

Using  the  preceding  9  design/production  factors,  the  designer  of 
an  assembly  is  first  expected  to  examine  the  current  values  of  the  cost 
drivers  associated  with  the  candidate  design.  The  choice  of  particular 
formats  depends  upon  the  primary  material.  The  cost  driver  formats 
to  be  examined  are: 

For  aluminum  panels:  OcoEi>^cDE2i^coE3f^cDE4>17cDE7>^coE8 

For  titanium  panels:  OcoEZf ^coes* ^coes* ^cde/' ^cdeb 

The  designer  is  expected  to  study  the  current  value  of  cost  drivers 
pertaining  to  the  candidate  design  and  to  consider  alternative  designs 
that  reduce  the  current  cost  driver  value.  Thus,  a  major  assumption 
i':  implied: 

Assumption  1:  It  is  necessary  that  a  designer  studies  the  current 
cost  drivers  pertaining  to  the  candidate  concept  within  the  context 
of  a  cost  driver  format. 

This  assumption  is  important  in  that  it  implies  that  a  computerized 
system  should  also  provide  the  equivalent  of  a  cost  driver  format. 
Thus,  a  computerized  system  must  either  draw  graphics  on  the  screen 
or  an  effective  equivalent  of  a  cost  driver  format  must  be  proposed. 
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An  additional  note  for  future  activities  concerns  expert  system 
applications  of  this  method.  For  an  expert  system  to  be  implemented 
using  cost  driver  values*  a  large  set  of  logical  rules  must  be  developed 
of  the  form: 

if  [  COST  DRIVER  COMBINATION  #1  ]  exists,  then  propose  [  IMPROVEMENT 

TT  ]  to  the  designer. 

if  [  COST  DRIVER  COMBINATION  #2  ]  exists,  then  propose  [  IMPROVEMENT 

??  ]  to  the  designer. 

d).  Phase  II.  Cost  Estimation 

Using  manual  methods,  cost  drivers  are  looked  up  and  estimated 
by  a  designer  visually  by  looking  at  a  cost  driver  format.  Using  computer 
methods,  it  is  more  efficient  for  the  computer  to  make  cost  driver  esti¬ 
mates  using  mathematical  formulae;  hence,  estimating  formulae  were  derived 
from  the  graphical  data. 

It  may  appear  that  excessive  attention  to  logical  and  arithmetic 
formulation  of  the  methodology  is  made  in  this  report,  since  many  of 
the  concepts  may  be  easy  to  understand  verbally  and  by  example.  The 
reader  is  reminded  that  the  current  software  implementation  can  draw 
its  data  only  from  arithmetic  and  logical  explanations;  hence,  the  logic- 
mathematical  rules  in  this  report  are  essential  for  proper  software 
operation.  Simple  expert  system  implementations  will  also  require  these 
rules. 

After  the  cost  drivers  are  examined,  a  cost  estimate  can  be  rapidly 
made  of  the  man-hours  required  to  assemble  the  panel.  CED  formats  exist 
for  this  purpose.  Cost  estimation  is  performed  differently  depending 
upon  the  panel  material.  First,  cost  estimation  for  aluminum  assemblies 
will  be  examined.  Then,  cost  estimation  for  titanium  assemblies  will 
be  described. 

The  cost  estimate  considers  both  recurring  and  nonrecurring  costs. 
Recurring  costs  are  man-hour  labor  requirements  that  include  all  hands-on 
factory  labor.  Recurring  costs  do  include:  initial  preparation  for 
jig  loading,  drilling,  fastener  installation,  and  storage  for  the  next 
assembly  phase.  Recurring  costs  do  not  include:  tool  maintenance, 
planning,  and  quality  control.  For  an  aluminum  "panel ,  the  recurring 
cost  CrA  is  given  by 

CfA  *  tCcEDI  t  ^  ) 

where  L  is  the  learning  curve  factor.  L  reflects  the  skill  of  the 
assembly  laborers  in  learning  to  perform  the  panel  assembly  efficiently 
and  depends  upon  both  the  quantity  of  units  to  be  assembled  and  the 
skill  level  of  the  assembly  operator. 
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Nonrecurring  costs  are  man-hour  labor  requirements  for  tool  fabri¬ 
cation.  Nonrecurring  costs  do  not  include  tool  design  and  tool  planning 
costs.  Typically,  tools  need  to  be  replaced  after  a  certain  number 
of  units  are  assembled;  thus,  nonrecurring  costs  are  incurred  every 
P  units,  where  P  is  the  tool  life  in  units  assembled.  An  aluminum  panel's 
nonrecurring  cost  C,*  is  given  by 

C,A  -  int  +1  j  (2) 

Where  N  is  the  number  of  units  to  be  produced,  P  Is  the  tooling  life 
in  units  assembled  per  tooling,  and  the  function  1nt()  takes  the  Integer 
part  of  the  ratio  N/P.  Typically,  P  Is  set  to  200  units  assembled  per 
tooling. 

Figure  2.6-1  is  an  illustration  of  nonrecurring  cost  of  an  aluminum 
assembly  when  Cceo3  1s  400  man-hours  and  P  is  200  units/tooling. 

Thus,  for  an  aluminum  panel,  the  total  man-hour  content,  Ct ,  is 

Cj  ■  CrA  CfA  (  3  ) 

or 

Ct  -  tCcEDi  +  int  + 1  j  (4) 

Similarly,  for  a  titanium  panel,  the  recurring  cost,  Cn  ,  is  given  by 

C,T  ■  tCcED2  (  5  ) 

The  nonrecurring  cost,  Ct  ,  for  a  titanium  panel  is  given  by 

C,T  -  ^int  +1  j  5s5B3  (6) 

Thus,  for  a  titanium  panel,  the  total  man-hour  content,  Ct  ,  is 

CT*C,T  +  Cn  (7) 

or 

CT-tCcED2+  [^int  +1  (8) 

2.6.5  Selection  of  Software  Tools 

Several  types  of  software  programming  tools  were  considered.  DBASE 
III+  was  finally  decided  upon  due  to  limited  costs  available  for  this 
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COST/UNIT,  (MAN-HRS) 


NONRECURRING  TOOLING  COST/UNIT 


TOOLS  CHANOCD  EVERY  200  UNITS.  P-200 


20  100  200  300  400  SOO  000  700  800  900  lOOO 

UNITS  PRODUCED,  N  lCcad3-400  nan-lirBl 


FIGURE  2.6-1  NONRECURRING  TOOLING  COSTS 


FIGURE  2.6-2  UNIT  COSTS  VERSUS  PRODUCTION  QUANTITY 
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task.  The  three  major  alternatives  considered  were  C  programming 
language,  Prolog,  and  DBASE  III+.  The  relative  advantages  and 
disadvantages  are  as  follows: 

C  Programming  Language  -  This  programming  language  provides  the 
most  efficient  code  and  no  restrictions  on  distribution  of  finished 
software  products.  C  also  easily  permits  interactive  graphics 
and  scientific  calculations.  Nevertheless,  development  of  a  C 
database  software  implies  that  many  basic  database  functions  need 
to  be  prepared. 

Prolog  -  This  is  a  logic  programming  language  directly  allowing 
the  future  development  of  an  expert  system.  Unfortunately,  inter¬ 
facing  of  Prolog  to  a  graphics  interface  is  complex  and  resulting 
databases  are  not  easily  transported  into  conventional  software 
packages. 

DBASE  III-*-  -  This  is  the  general  purpose  standard  for  constructing 
microcomputer  business  databases.  All  lower  level  database  functions 
are  supplied  in  the  form  of  an  interpreted  language.  Compiled 
and  run  time  versions  of  DBASE  III+  are  readily  available.  Accessory 
software  for  DBASE  1 11+  is  available.  The  weaknesses  of  DBASE 
III+  is  that  it  is  not  easily  interfaced  to  graphics  interfaces, 
does  not  support  variable  arrays,  and  does  not  support  floating 
numbers  with  exponents.  These  weaknesses  limit  the  ease  with  which 
DBASE  III+  can  perform  scientific  calculations  and  graphs. 


Calculation  of  Dcdei 

If  the  material  is  aluminum  and  the  installation  method  is  manual,  then 

/,  =  1.75  +  0.25  (9) 

where  1.75  is  the  recurring  labor  and  0.25  is  the  nonrecurring  labor. 

If  the  material  is  titanium  and  the  installation  method  is  manual,  then 

72*3.2  +  0.25  (10) 

where  3.2  is  the  recurring  labor  and  0.25  is  the  nonrecurring  labor. 

If  the  material  is  aluminum  and  the  installation  method  is  automatic, 
then 

73  =  1.0  +  0.25  (11) 

where  1.0  is  the  recurring  labor  and  0.25  is  the  nonrecurring  labor. 
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If  the  material  is  titanium  and  the  installation  method  is  auiomatic, 
then 

y4  =  1.2 +  0.25  (12) 


The  value  of  Dcdei  aluminum  material  is  then 


-  ^  y  +(100-^)  y 
100  100 


where  A  is  the  percent  automation  used  for  the  assembly. 
Similarly,  the  value  of  Ocdei  titanium  m:'.terial  is 


n  _  A  v  l(100— A)v 


100 


100 


Calculation  of  Dcdez 
If  the  installation  method  is  manual, 

Vi  *0.020  A/p +  1.90 


If  the  installation  method  is  automatic 


Vj*  0.020  A/p +  1.19 


The  value  of  Dcdez  ^or  mixed  automation  is 


OcdE2 


jLy,+(Li^ 
100  100 


^2 


(13) 


(14) 


(15) 

(16) 

(17) 


Calculation  of  Dcdes 

If  installation  required  is  dry  and  the  installation  method  is  manual, 
then 

y.  *1.7  (18) 

If  installation  required  is  dry  and  the  installation  method  is  automatic, 
then 


y2-i.o  (19) 

If  installation  required  is  wet  and  fay  and  the  installation  method 
is  manual,  then 

/a -2.6  (20) 
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If  installation  required  Is  wet  and  fay  and  the  Installation  method 
Is  automatic,  then 


Y,^^.3  (21) 

If  Installation  required  Is  wet  and  the  installation  method  Is  manual, 
then 

/5  =  2.20  (22) 

If  Installation  required  is  wet  and  the  installation  method  is  automatic, 
then 

1'6»10  (23) 

Thus,  If  installation  required  is  dry. 

If  Installation  required  is  wet  and  fay 

4''*  («) 

If  Installation  required  is  wet. 

Calculation  of  Ocde4 
If  installation  required  is  dry,  then 

Dce04- -0.009  >»  + 1.85  (27) 

If  Installation  required  is  wet,  then 

OcE04* -0.014  >\  + 2.4  (28) 

If  Installation  required  is  wet  and  fay,  then 

OcED4- -0.014  >^  + 2.7  (29) 


Calculation  of  Dcde5 

If  installation  required  is  dry  and  the  installation  method  is  automatic, 
then 


1^1-10  (30) 

If  installation  required  is  dry  and  the  installation  method  is  manual, 
then 


y2»2.7 


(31) 


If  installation  required  is  wet  and  fay  and  the  installation  method 
is  automatic,  then 


^3-1.3  (32) 

If  installation  required  is  wet  and  fay  and  the  installation  method 
is  manual,  then 


Y,^33  (33) 

If  installation  required  is  wet  and  the  installation  method  is  automatic, 
then 


''5-10  (34) 

If  installation  required  is  wet  and  the  installation  method  is  manual, 
then 


76  =  3.1 

Thus,  for  dry  Installation  required; 

For  wet  and  fay  installation  required; 

For  wet  installation  required; 


(35) 

(36) 


(37) 


(38) 
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Calculation  of  Dqq£5 
For  dry  installation  required: 

OcDE«  -  -  0.018  A  +  2.833  (  39 ) 

For  wet  and  fay  Installation  required: 

OcoEB- -0.0234  +  3.527  (  40) 

For  wet  Installation  required: 

OcDE6- -0.0234  +  3.33  (41) 


Calculation  of  Dcdet 

For  this  cost  driver,  the  format  shows  an  SOX  automation  value.  This 
value  Is  Ignored  and  a  more  general  Interpolation  for  any  degree  of 
automation  Is  used. 

If  the  material  Is  aluminum  and  the  Installation  method  is  manual,  then 

Vi -1.75  (  42) 

If  the  material  Is  aluminum  and  the  Installation  method  Is  automatic, 
then 


72-1.0 


(43) 


If  the  material  Is  titanium  and  the  Installation  method  Is  manual, 

73-3.2  (44) 

If  the  material  Is  titanium  and  the  Installation  method  Is  automatic. 


74-2.0 

Thus,  for  aluminum. 


^^C0E7 


4  y  .(100-4) 
100  100 


Vi 


and  for  titanium, 

Dcoe7-^74^i5^73 
100  100 


(45) 


(46) 


(47) 
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Calculation  of  D, 


GOES 

If  dry  Installation  Is  required*  the  Installation  method  Is  manual* 

and  the  material  Is  aluminum* 

Vi -1.75  (  48) 

If  dry  Installation  Is  required*  the  Installation  method  Is  manual* 

and  the  material  Is  titanium* 

72- 3.2  (49) 

If  dry  Installation  Is  required*  the  Installation  method  Is  automatic* 

and  the  material  Is  aluminum* 

73- 1.0  (50) 

If  dry  Installation  Is  required*  the  Installation  method  is  automatic* 

and  the  material  Is  titanium* 

74- 1.2  (51) 

If  wet  and  fay  Installation  Is  required*  the  Installation  method  Is 

manual*  and  the  material  Is  aluminum* 

75- 2.75  (52) 

If  wet  and  fay  Installation  Is  required*  the  Installation  method  Is 

manual*  and  the  material  Is  titanium, 

7e-4.0  (53) 

If  wet  and  fay  Installation  Is  required*  the  Installation  method  Is 

automatic,  and  the  material  Is  aluminum* 

77-1.25  (54) 

If  wet  and  fay  Installation  Is  required*  the  Installation  method  Is 

automatic*  and  the  material  Is  titanium* 

7e-l5  (55) 

If  wet  Installation  Is  required,  the  Installation  method  Is  manual* 

and  the  material  Is  aluminum, 

79-2.25  (56) 

If  wet  Installation  Is  required*  the  installation  method  Is  manual* 

and  the  material  Is  titanium* 

7,0-3.75  (57) 
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If  wet  Installation  Is  required*  the  Installation  method  Is  automatic, 
and  the  material  Is  aluminum. 

yii-iO  (58) 

If  wet  Installation  Is  required,  the  Installation  method  Is  automatic, 
and  the  material  Is  titanium. 


y,2-i.2 

For  dry  Installation  required  and  the  material  Is  aluminum. 


For  dry  Installation  required  and  the  material  Is  titanium. 


For  wet  and  fay  Installation  required  and  the  material  Is  aluminum. 


(59) 

(60) 

(61) 


100  100  ® 

For  wet  and  fay  Installation  required  and  the  material  Is  titanium. 

For  wet  Installation  required  and  the  material  Is  aluminum. 

For  wet  Installation  required  and  the  material  Is  titanium. 


(62) 

(63) 

(64) 

(65) 


It  Is  evident  that  these  explicit  expressions  for  cost  driver  values 
are  well  suited  for  symbolic  programming  languages  such  as  Prolog. 
The  abundance  of  thesr  'pes  of  rules  In  the  methodology  Is  the  primary 
reason  why  T  V.,  was  Idered  at  the  outset  as  one  of  the  three  soft¬ 
ware  Implementation  Unguages. 

e).  Phase  II:  Cost  Estimation 


After  cost  drivers  examined,  a  cost  estimate  of  the  man-hours 
required  to  assemble  t  ^anel  Is  rapidly  made.  Cost  estimating  data 
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formats  exist  for  this  purpose.  Cost  estimation  is  performed  differently 
depending  upon  the  panel  material.  First,  cost  estimation  for  aluminum 
assemblies  will  be  examined.  Then,  cost  estimation  for  titanium  assem¬ 
blies  will  be  described. 

The  cost  estimate  considers  recurring  costs  and  nonrecurring  costs. 
Recurring  costs  are  man-hour  labor  requirements  that  Include  all  hands-on 
factory  labor.  Recurring  costs  do  Include;  Initial  preparation  for 
jig  loading,  drilling,  fastener  Installation,  and  storage  for  the  next 
assembly  phase.  Recurring  costs  do  not  Include;  tool  maintenance, 
planning,  and  quality  control.  For  an  aluminum  "panel .  the  recurring 
cost,  CrA  t  is  given  by: 


C,A“tCcED1  (66) 

where  L  is  the  learning  curve  factor,  reflecting  the  skill  of  the  assembly 
workers  in  learning  to  perform  the  panel  assembly  efficiently  and  this 
depends  upon  both  the  quantity  of  units  to  be  assembled  and  the  skill 
level  of  the  assembly  operator. 

Nonrecurring  costs  are  man-hour  labor  requirements  for  tool  fabri¬ 
cation.  Nonrecurring  costs  do  not  Include  tool  design  and  tool  planning 
costs.  Typically,  tools  need  to  be  replaced  after  a  certain  number 
of  units  are  assembled;  thus,  nonrecurring  costs  are  incurred  every 
P  units,  where  P  Is  the  tool  life  in  units  assembled.  An  aluminum  panel's 
nonrecurring  cost,  C,a  .  Is  given  by: 

(67) 

where  N  Is  the  number  of  units  to  be  produced,  P  Is  the  tooling  life 
In  units  assembled  per  tooling,  and  the  function  1nt()  takes  the  Integer 
part  of  the  ratio  N/P.  Typically,  P  Is  set  to  200  units  assembled  per 
tooling. 

Figure  Illustrates  how  the  nonrecurring  cost  of  an  aluminum  assem¬ 
bly  varies  with  N  when  Cceos  Is  400  man-hours  and  P  Is  200  units/tooling. 

The  variation  of  nonrecurring  cost  with  production  quantity  N  has 
several  noteworthy  features.  The  nonrecurring  cost  converges,  I.e. 

C,A  ■  ^CE03  (®®) 

P 


The  maximum  value  of  nonrecurring  cost  for  any  cycle  Is 


maxC,A-(i±ll££I53 
/P  +  1 


(69) 
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dt 

where/-0.1,2, . . . 

The  minimum  value  of  nonrecurring  cost  for  any  cycle  Is: 

at 


A/«(/+1)PwherB/»0, 1,2. . . . 

These  expressions  for  maxima  and  minima  may  be  useful  for  cases  when 
planning  the  production  volume. 

Considering  both  recurring  and  nonrecurring  costs*  for  an  aluminum  panel, 
the  total  man-hour  content,  C,T »  Is: 

CT"C,A  +  CfA  (71) 


Ct-1.Cc6oi+  ^  int  +1  j 


Figure  2.6-2  presents  an  example  of  the  total  unit  cost  of  an  aluminum 
assembly  for  varying  production  quantities. 

The  recurring  cost,  ,  for  a  titanium  panel  Is  given  by: 

CrT*^CcE02  (73) 

The  nonrecurring  cost,  Qr  »  for  a  titanium  panel  Is  given  by: 


C,T  »  int  /  tLzl]  +  ^ 

L  \  P  /  i  N 


Considering  both  recurring  and  nonrecurring  costs  for  a  titanium  panel, 
the  total  man-hour  content,  Ct  ,  Is: 

CT«CrT  +  CfT  (75) 


Ct  -  tCcED2  ■*•[*"*(  "-)  1  ^ 


2-130 


f).  Calculation  of  Cost  Estimating  Factors 

Calculation  of  cost  estimating  factors  Ccedi  i  Cceo2  t  and  Cceds  *  Is  per¬ 
formed  In  a  manner  similar  to  the  calculation  of  cost  driver  functions. 

Calculation  of  Ccedi 

If  dry  Installation  Is  required  and  the  Installation  method  Is  manual: 
y, -0.020  A/f+ 1.5  when  Is  A/f<  TOO  (77) 

or 

m  0.018  A/f  ^  2.7  when  700  s  A/f  ^  1100 

If  dry  Installation  Is  required  and  the  Installation  method  Is  automatic: 
Yj  -  0.011  Nf  -t-  0.3  When  1  s  A/f  <  700  (78) 

or 

Yz  -  0.0067  A/f  +  3.3  when  700  s  A/f  s  1100 

If  wet  Installation  Is  required  and  the  Installation  method  is  manual: 

^3  -  0.028  a/f  +  0.9  when  i  s  A/f  <  700  (79) 

or 

Vs  -  0.025  Nf  ao  when  700  s  A/f  s  1100 

If  wet  Installation  Is  required  and  the  Installation  method  Is  automatic: 
Y4  -  0.011  Nf  +  0.3  when  1  s  A/f  <  700  (80) 

or 

^4  -  0.0067  Nf  -k-  as  when  700  s  A/f  s  1100 

If  wet  and  fay  Installation  Is  required  and  the  Installation  method 
Is  manual : 

Ys  -  0.032  Nf  +  1.1  when  1  s  A/f  <  700  (81) 

or 

Ys  -  0.028  Nf  +  a7  when  700  s  A/f  s  1100 
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If  wet  and  fay  Installation  Is  required  «nd  the  Installation  method 
Is  automatic: 

/e  »  0.014  Nf  +  1.7  when  1  s  A/p  <  700  (  82) 

or 

y«  »  0.0063  A/p  5.7  when  700  ^  A/p  s  1100 
Combining,  for  dry  Installation  required: 


(83) 


For  wet  Installation  required: 

For  wet  and  fay  Installation  required: 


100  ®  100  * 


(85) 


Calculation  of  Cced2 

If  dry  Installation  Is  required  and  the  Installation  method  Is  manual: 
y,  ■  0.041  Nf  +  1.3  when  1  s  A/p  <  700  (86) 

or 

«  0.030  Nf  •¥■  9.0  when  700  ^  Nf  ^  1100 

If  dry  Installation  Is  required  and  the  Installation  method  Is  automatic: 
Yi  -  0.014  Nf  0.2  when  1  s  A/p  <  700  (87 ) 

or 

Yg  .  0.0067  Nf  +  5.3  when  700  ^  Nf  s  1100 

If  wet  Installation  Is  required  and  the  Installation  method  Is  manual: 

Y3  m  0.046  A/p  +  1.8  when  1  s  A/p  <  700  (88) 

or 

^3  -  0.040  A/p  -I-  6.0  when  700  ^  A/p  ^  1100 
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If  wet  Installation  Is  required  and  the  Installation  method  Is  automatic 


^4  ■  0.014  Np  +  0.2  when  1  s  A/p  <  700 
or 

-  0.0067  Np  +  5.3  when  700  ^  Np  ^  1100 

If  wet  and  fay  Installation  Is  required 

Is  manual : 

Ys  »  0.050  Np  +  2.5  when  1  ^  Np  <  700 
or 

/s  -  0.042  Np  -t-  8.3  when  700  s  Np  s  1100 

If  wet  and  fay  Installation  Is  required 

Is  automatic: 

Yi  -  0.017  Np  +  1.1  when  1  s  A/p  <  700 
or 

Vg  -  0.010  Np  +  6.0  when  700  s  A/p  s  1100 
Combining,  for  dry  Installation  required: 

^  100  *  100 

For  wet  Installation  required: 

CceD2  »  -^V4  +  ^3 

For  wet  and  fay  Installation  required: 

Cced2  -  — V'e  +  ^  ~  ^  Ys 
^  °  100  100  ® 

Calculation  of  C^ 

If  Installation  method  Is  manual: 

/i  »  16.670  +  183  when  9  s  0  <  16 


(89) 

and  the  Installation  method 

(90) 

and  the  Installation  method 

(91) 

(92) 

(93) 

(94) 

D3  j 

j 

j 

(95) 
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or 


y,  -  28.750  - 10  when  16  s  0  <  24 
If  Installation  method  Is  automatic: 

V;  »  16.670 -t-  208  when  9  s  0  <  16 
or 

^2  •  28.130 -f  25  when  16  ^  0  <  24 
combining, 

CceD3  •‘-^Y2  +  y, 

100  *  100 

2.7  CURRENT  STATUS 


(96) 


(97) 


Much  of  thr  software  prototype  Is  operational,  with  the  exception 
of  the  graphics  presentation  of  formats. 


2.7.1  Implemented  Features 

At  Its  current  stage  of  development,  the  prototype  contains  the 
following  features: 

e  Automated  calculation  of  cost  driver  values 

e  Automated  cost  estimation  of  the  man-hours  required  to  assemble 
the  candidate  designs 

•  Removal  or  addition  of  new  concepts  to  be  evaluated 

•  A  comparative  presentation  of  different  product  candidates  In 
the  form  of:  cost  estimating  tables,  cost  driver  tables,  and 
specification  tables 

e  Automated  Interpolation  of  cost  driver  and  cost  estimating  func¬ 
tions  for  any  percentage  of  assembly  automation 

•  A  three- level  structure  for  working  at:  (I)  the  assembly  level, 
(II)  the  design  candidate  summary  level,  or  (III)  the  Individual 
candidate  level 
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•  One-letter  command  entry  and  one-line  command  bar  displays 

•  Addition  or  removal  of  a  product  candidate 
t  Interactive  editing  of  a  product  candidate 

•  Automated  default  values  for  a  new  product  candidate. 

The  prototype,  at  this  stage,  does  not  contain: 

t  Adequate  presentation  of  formats 

•  Automated  calculation  of  learning  curve  factors 

•  Sufficient  technical  software  documentation 

•  An  on-line  help  function. 


2.7.2  Using  the  Software 

Using  the  software  is  straightforward.  A  three-level  command  system 
exists: 

I.  Commands  that  affect  different  products 

II.  Commands  that  summarize  all  the  candidates  for  a  given  product 

III.  Commands  that  affect  a  particular  candidate. 

Three  levels  were  used  in  order  to  reduce  the  risk  of  using  certain 
commands  (especially  delete  commands)  at  Improper  times.  Also,  by  using 
three  levels,  all  available  commands  will  fit  into  a  command  line  found 
at  the  bottom  of  the  screen.  Commands  are  executed  by  pressing  the 
first  letter  of  the  command  displayed  on  the  current  command  bar. 

To  start  the  software,  start  DBASE  1 11+  by  typing  'dbase'.  When 
the  dot  prompt  appears,  type  'do  dbasenoton/nmain'  to  begin  program 
execution. 


a).  Level  I:  Several  Assembly  Types 

Figure  shows  a  typical  level  I  screen.  Note  that  product  refers 

to  assembly.  In  level  I,  the  following  commands  are  available: 

(L)ist  Products:  Show  all  the  current  products  available  in  the 
directory. 
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(D)el  Product:  Delete  a  product  and  all  of  Its.  constituent 

candidates. 

(A)dd  Product:  Add  a  new  product  (panel)  to  be  analyzed. 

(G)et  Product:  Prepare  one  of  the  listed  products  for  level 

II  commands. 

e(X)it:  Exit  from  program. 


b).  Level  II:  Candidates  of  One  Product 

Figures  through  show  typical  candidate  comparison  tables 
available  using  level  II  commands.  In  level  II >  the  following  connands 
are  available: 

(C) ostComp.:  Comparison  of  cost  estimating  data  for  different 

candidates  of  the  same  product. 

,  \ 

(D) rlver  Comp.;  Comparison  of  cost-drivers  ^or  different  candidates 

of  the  same  product. 

(S)pec.  Comp.:  Comparison  of  panel  specifications  for  the  nine 

design/production  factors  used  by  the  methodology. 

(M)odify  Look  at  and  edit  the  Information  about  individual 

Candidates:  candidates. 

e(X)1t;  Exit  level  II  and  return  to  level  I  commands. 


c).  Level  III:  One  Candidate 

Figure  shows  an  example  screen  for  a  single  product  candidate. 
Available  commands  are: 

(S)earch:  Search  for  a  candidate  by  design  alternative  name 

or  substring  within  name. 

(E)dit;  Edit  the  candidate  currently  displayed  on  the  screen. 

(N)ext:  Display  the  next  product  candidate. 

(P)rev:  Display  the  previous  product  candidate. 

(D)el:  Delete  the  current  candidate. 
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Add  a  new  candidate. 


(A)dd: 

(C)alculate:  Calculate  or  recalculate  all  the  cost  estimating 
and  cost  driver  functions. 

{6)raph:  Graph  the  formats  with  respect  to  the  current  candi¬ 

date.  Currently,  this  function  Is  not  operational. 

e(X)1t:  Exit  level  III  and  return  to  level  II. 

2.7.3  Software  Organization 

The  following  modules  are  used  during  program  execution: 


Name 

Ext 

Size 

CDEI 

PRG 

470 

CDEII 

PRG 

241 

CDEI I I 

PRG 

604 

CDEIV 

PRG 

298 

CDEV 

PRG 

601 

CDEVI 

PRG 

312 

CDEVII 

PRG 

452 

CDEVI 1 1 

PRG 

1398 

CEDI 

PRG 

734 

CED2 

PRG 

804 

CED3 

PRG 

344 

NCALC 

PRG 

8775 

NGRAPH 

PRG 

667 

NMAIN 

PRG 

4207 

_ Description _ 

Calculates  cost  driver  1 

Calculates  cost  driver  2 

Calculates  cost  driver  3 

Calculates  cost  driver  4 

Calculates  cost  driver  5 

Calculates  cost  driver  6 

Calculates  cost  driver  7 

Calculates  cost  driver  8 

Calculates  cost  estimate  1 

Calculates  cost  estimate  2 

Calculates  cost  estimate  3 

Calls  and  executes  all  cost  driver 
and  cost  estimate  functions  for  a 
particular  candidate 

Sample  module  using  DBASE  tools  for 
C  graphics  functions 

Main  module  for  software 
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NPMENU 

PRG 

5903 

Level  II  command  module 

NMODELDB 

DBF 

1186 

Model  database  structure 

NPOLY 

PRG 

257 

Example  6th-order  polynomial  curve 
extrapolation  routine.  Suffers  from 
round-off  problems  inherent  in  DBASE 
scientific  calculations 

NSCREEN 

PRG 

2483 

Candidate  screen 

NSELECT 

PRG 

922 

Test  module,  superceded  by  NCALC 

NVMENU 

PRG 

4888 

Level  III  command  module 

PRODUCT 

DBF 

2306 

Sample  candidate 

PRODUCT 

FMT 

2580 

Candidate  format  file 

PRODUCT 

SCR 

4262 

Candidate  screen  file 

PRODUCT 

TXT 

4077 

Database  structure  text  file 

2.7.4  Difficulties  Encountered 

Several  difficulties  have  been  encountered  during  the  project. 
They  are  related  to  some  limitations  of  DBASE  III+  and  the  comnerclal 
software  accessories  for  DBASE  III+. 


a).  Precision 

In  order  for  the  computer  to  calculate  a  value  for  a  cost  estimating 
format  or  a  cost  driver  format,  some  numerical  representation  of  the 
function  is  required.  Calculating  values  from  bar  charts  entails  only 
a  simple  weighted  average.  Calculating  values  from  straight  lines  is 
also  easy.  Some  formats  contained  curves  that  would  have  been  simpler 
to  approximate  by  fitting  a  simple  polynomial  to  the  curve. 

It  was  discovered  that  fitting  a  polynomial  to  a  curve  in  DBASE  Ill-t- 
is  difficult  because  scientific  number  representation  is  not  available. 
Thus,  a  number  disappears.  An  additional  problem  is  that  variable 
arrays  are  not  supported.  This  causes  difficulty,  since  most  numerical 
curve  interpolation  techniques  use  dimensioned  variables. 

After  several  approaches  with  polynomial  models  of  curves,  polynomial 
curve  fitting  was  not  pursued  further.  Instead,  piecewise  linear  approxi¬ 
mations  were  used  and  these  approximations  appear  satisfactory. 
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Use  of  a  DBASE  Ill-t-  interface  to  C  was  attempted,  but  the  Interface 
is  quite  tedious  to  establish  and  the  memory  resident  interface  prevents 
other  commercial  packages  from  loading  unless  the  computer  is  rebooted. 


b).  Graphics 

It  is  desired  to  present  formats  graphically,  preferably  showing 
the  values  of  the  current  candidate.  A  graphics  library  interface  to 
DBASE  Ill-t-  was  attempted.  The  graphics  interface  switches  the  EGA  screen 
into  low-resolution  CGA  mode.  Low-resolution  CGA  mode  graphics  is  un¬ 
acceptable  for  the  detail  required  by  the  formats.  In  addition,  the 
memory  resident  graphics  interface  prevented  the  loading  of  other  software 
packages. 

Currently,  several  alternative  solutions  are  being  considered.  The 
first  solution  is  to  draw  the  formats  by  writing  C-base  graphics  programs 
using  HALO.  The  second  solution  is  to  hand-draw  the  formats  using  a 
mouse  and  an  interactive  graphics  program  called  DR.  HALO  III.  In  either 
case,  the  images  would  be  called  DBASE  III-*-  as  a  self-executive  module. 


2.7.5  Proposed  Further  Work 

Several  tasks  are  proposed  for  further  efforts  on  computerization: 
f  A  satisfactory  presentation  of  formats 

•  Automatic  calculation  of  learning  curve  factors 

•  An  on-line  help  function. 

2.7.6  Conclusion 


The  conclusion  of  this  task  is  that,  in  spite  of  several  technical 
problems,  development  of  a  computer-based  design  aid  continues;  a  working 
prototype  is  feasible. 

Further  developments  are  required  for  a  full-featured  computer 
design  aid.  When  the  design  aid  has  been  developed,  it  still  remains 
to  determine  the  degree  of  success  of  the  system  over  manual  methods 
and  the  acceptance  of  such  a  system  by  both  experienced  and  unseasoned 
designers. 
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2.7.7  Symbols  and  Definitions 


Candidate  Design  A  candidate  Is  a  specific  product  design 

that  meets  all  of  the  design  requirements. 
There  will  be  several  possible  candidates 
for  one  product  or  system. 

Cost  Driver  Effect  (COE)  A  normalized  function  Indicating  the  effect 

of  one  or  more  design  factors  on  the  man-hours 
of  labor  required.  In  this  example,  for 
assembly.  CDE  functions  are  typically 
displayed  In  graphical  form.  They  are  not 
used  for  cost  estimating;  rather,  they  are 
used  for  designer  guidance  In  all  phases 
from  conceptual  to  production  design. 

Cost  Estimating  Data  (CED)  A  function  Indicating  the  effect  of  one 

or  more  design  factors  on  the  man-hours 
of  labor  required  for  assembly.  CED  functions 
are  typically  displayed  In  graphical  form 
and  the  data  are  used  for  design/manufacturing 
cost  trade-off  studies. 

Fastener  In  the  scope  of  this  HC/DG  section  on  mechani¬ 

cally  fastened  assembly,  the  fasteners  are 
either:  (1)  upset  rivets,  (2)  pins,  or 

(3)  collars. 

Format  A  bar  or  line  graph  displaying  either  a 

CDE  function  or  a  CED  function.  Cost  Esti¬ 
mating  Data  formats  are  coded:  CED-MFA-1, 
CED-MFA-2,  CED-MFA-3.  Cost  Driver  Effect 
formats  are  coded:  CDE-MFA-I,  CDE-MFA-II, 
CDE-MFA-III,  ...,  CDE-MFA-VIII. 

Installation  Method  Installation  methods  may  be  manual  or 

automatic  riveting,  or  various  combinations 
of  the  two. 

Installation  Requirements  Installation  requirements  may  be:  (1) 

Installed  dry,  (2)  Installed  wet,  or  (3) 
Installed  wet  and  fay  surface  sealed. 

Labor  Learning  Curve  Reflects  the  skill  of  the  assembly  laborers 

In  learning  to  perform  the  panel  assembly 
efficiently.  Typical  values  are  65X,  70%, 
...,  95*. 


2-140 


Materials 

Sheet  materials  may  be  either  aluminum  or 
titanium. 

Perimeter 

The  outside  perimeter  of  the  panel  measured 
In  feet. 

Product 

In  the  context  of  this  task,  a  product 
consists  of  the  set  of  one  or  more  design 
candidates  which  meet  the  design  requirements 
of  the  panel  to  be  produced. 

Nonrecurring  Costs 

Nonrecurring  costs  are  man-hour  labor  require¬ 
ments  for  tool  fabrication.  Nonrecurring 
costs  do  not  Include  tool  design  and  tool 
planning  costs.  Typically,  tools  need  to 
be  replaced  after  a  certain  number  of  units 
are  assembled;  thus,  nonrecurring  costs 
are  Incurred  every  P  units,  where  P  Is  the 
tool  life  In  units  assembled. 

Recurring  Costs 

Recurring  costs  are  man-hour  labor  require¬ 
ments  that  Include  all  hands-on  factory 
labor.  Recurring  costs  do  Include:  Initial 
preparation  for  jig  loading,  drilling, 
fastener  Installation,  and  storage  for  the 
next  assembly  phase.  Recurring  costs  ^ 
not  Include:  tool  maintenance,  planning, 
and  quality  control. 

A 

Percent  automation. 

CcEDI 

Recurring  Installation  costs  (In 
man-hours /assembly)  for  aluminum  rivets 
obtained  from  format  CED-MFA-1.  It  Is  a 
function  of:  (1)  Installation  requirements, 
(2)  Installation  method  and  (3)  total  number 
of  fasteners  in  the  assembly. 

CcED2 

Recurring  Installation  costs  (In  man-hours/ 
assembly)  for  titanium  rivets  obtained  from 
format  CED-MFA-2.  It  Is  a  function  of: 
(1)  Installation  requirements,  (2)  Installa¬ 
tion  method  and  (3)  total  number  of  fasteners 
In  the  assembly. 

CcED3 

Nonrecurring  tooling  cost  (In  man-hours) 
for  aluminum  and  titanium  assemblies;  obtained 
from  format  CED-MFA-3.  It  Is  a  function 
of:  (1)  perimeter  of  the  assembly  In  feet 
and  (2)  the  Installation  method. 
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Recurring  cost  (In  man-hours)  for  the  assembly 
of  an  aluminum  panel. 

Recurring  cost  (In  man-hours)  for  the  assembly 
of  a  titanium  panel. 

Nonrecurring  cost  (In  man-hours)  for  the 
assembly  of  an  aluminum  panel. 

Nonrecurring  cost  (In  man-hours)  for  the 
assembly  of  a  titanium  panel. 

Total  cost  (In  man-hours)  for  the  assembly 
of  one  panel.  Includes  both  recurring  and 
nonrecurring  labor. 

Relative  cost  of  Installation  (In  normalized 
man-hours)  obtained  from  format  CDE-MFA-I. 
It  Is  a  function  of:  (1)  material  and  (2) 
Installation  method. 

Relative  cost  (In  normalized  man-hours) 
obtained  from  format  CDE-MFA-II.  It  Is 
a  function  of:  (1)  the  number  of  parts 
excluding  fasteners  and  (2)  Installation 
method . 

Relative  Installation  cost  (In  normalized 
man-hours)  for  aluminum  assemblies  obtained 
from  format  CDE-MFA-I II.  It  Is  a  function 
of:  (1)  Installation  method  and  (2) 
Installation  requirements. 

Relative  Installation  cost  (In  normalized 
man-hours)  for  aluminum  assemblies  obtained 
from  format  CDE-MFA-IV.  It  Is  a  function 
of:  (1)  Installation  requirements  and  (2) 
Installation  method. 

Relative  Installation  cost  (In  normalized 
man-hours)  for  titanium  assemblies  obtained 
from  format  CDE-MFA-V.  It  Is  a  function 
of:  (1)  Installation  method  and  (2) 
installation  requirements. 

Relative  Installation  cost/fastener  (In 
normalized  man-hours)  for  titanium  assemblies 
obtained  from  format  CPc-HFA-VI.  It  Is 
a  function  of:  (1)  installation  method 
and  (2)  Installation  requirements. 


Relative  Installation  cost/fastener  (In 
normalized  man-hours)  obtained  from  format 
CDE-MFA-VII.  It  Is  a  function  of:  (1) 
material  and  (2)  Installation  method. 

Relative  cost/fastener  (In  normalized  man¬ 
hours)  for  aluminum  and  titanium  assemblies 
obtained  from  format  CDE-MFA-VIII.  It  Is 
a  function  of:  (1)  Installation  requirements, 
(2)  material  and  (3)  Installation  method. 

Learning  curve  factor.  Learning  curve 
reflecting  labor  skill.  The  factor  Is 
provided  In  each  manufacturing  technology 
section  of  the  "Manufacturing  Cost/Design 
Guide"  (MC/DG). 

Production  volume,  the  number  of  units  to 
be  assembled. 

Number  of  fasteners. 

Number  of  parts,  excluding  fasteners. 

Outside  perimeter  of  panel. 

Life  of  tools  In  units  assembled.  For 
example.  If  P  Is  200,  tools  must  be  replaced 
after  each  batch  of  200  units  Is  assembled. 
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FIGURE  2.6-3  IDENTIFIER  SCREEN 
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FIGURE  2.6-4  LEVEL  I.  PRODUCT  LEVEL  COMMANDS 
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FIGURE  2.6-6  LEVEL  il.  COST  DRIVER  SURVEY  FOR  PRODUCT  'GENERIC 
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FIGURE  2.6-10  LEVEL  II.  SPECIFICATION  SURVEY  FOR  PRODUCT  'GENERIC 
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APPENDIX  A 


USERS’  NEEDS  SURVEY  FOR  A 
COMPUTERIZED  MANUFACTURING  COST/DESIGN  GUIDE 


A-1 


1.1  INTRODUCTION 


At  the  outset  of  the  Initial  “Manufacturing  Cost/Design  Guide" 
(MC/DG)  program,  a  survey  was  conducted  of  the  potential  users  in  the 
design  process.  The  original  responses  and  objectives  of  the  series 
of  volumes  are  still  timely  and  important.  The  results  of  the  survey 
are  therefore  included  in  this  report  as  an  Appendix. 

The  questionnaire  was  sent  to  designers,  with  varying  degrees  of 
experience,  at  eight  major  aerospace  companies.  For  some  questions, 
the  total  number  of  responses  exceeded  80. 

The  questions  asked  were  in  the  following  general  categories: 

1.  General  questions  on  the  "Manufacturing  Cost/Design  Guide" 

2.  Data  sources,  retrieval  and  presentation 

3.  Experience  and  attitudes  concerning  computers. 


1.2  OVERVIEW  OF  CONCLUSIONS  FROM  SURVEY 

The  following  is  an  overview  of  the  results  of  the  survey.  The 
detailed  responses  are  included  in  Table  A-1. 


1.2.1  Background  of  Designers 

•  The  majority  of  those  designers  surveyed  work  on  fuselages  and 
wings  of  military  fighter  and  attack  aircraft  and  have  over 
ten  years  of  design  experience.  The  MC/DG  is  particularly  useful 
for  such  subassemblies. 


1.2.2  Design  Activities 

•  The  MC/DG  should  be  used  in  all  phases  of  design,  i.e.,  from 
conceptual  through  detail  design.  Hence,  the  MC/DG  for  conceptual 
design  has  been  developed  and  is  included  in  the  main  section 
of  this  report. 

t  The  most  time-consuming  functions  of  the  designer  are  drafting 
and  creative/conceptual  activities.  Hence,  there  is  a  need 
to  address  manufacturing  cost  at  the  outset  of  system  development. 


•  The  most  frequently  consulted  cost  data/information  sources 
are  graphs  of  standard  parts  and  materials.  Prior  to  the  MC/D6 
development,  no  other  data  and  formats  existed  to  stimulate 
Innovative  design  of  unique  structures  which  are  designed  to 
minimize  manufacturing  cost. 


1.2.3  Formats  or  Design  Charts 

•  The  MC/D6  and  its  formats  or  design  charts  should  be  easy  and 
quick  to  use.  The  design-to-cost  function  must  enable  the 
creative  momentum  and  designer  enthusiasm  to  be  maintained  and 
should  not  exceed  10  percent  of  the  total  design  time. 

f  Most  of  the  designers  interviewed  felt  that  the  MC/DG  should 
be  structured  to  guide  the  designer  through  the  design-to-cost 
process  and  that  it  should  be  very  beneficial  to  unseasoned 
engineers. 

•  The  most  preferred  presentation  modes  for  MC/DG  information 
were  x-y  graphs  with  text,  including  utilization  examples. 

•  A  listing  of  Designer  Influenced  Cost  Elements  (DICE),  Cost 
Driver  Effects  (CDE)  and  Cost  Estimating  Data  (CED)  in  the  MC/DG 
was  judged  to  be  useful.  It  is  a  building-block  approach  with 
DICE  added  to  base  parts. 


1.2.4  Computerized  MC/DG 

•  Most  designers  surveyed  have  used  computerized  job  aids  previously 
and  found  them  generally  helpful,  but,  at  that  time,  they  did 
not  use  them  frequently  (partially  due  to  management  constraints). 

•  Most  designers  surveyed  felt  that  a  computerized  MC/DG  would 
help  most  in  performing  trade-off  studies  and  for  design-to-cost. 
They  need  the  tool  particularly  in  the  creative/conceptual  design 
phase. 

•  The  ability  to  store  parts  in  the  data  base  as  members  of  a 
subassembly  in  the  ComputerLand  the  ability  to  use  simultaneously 
design  and  analysis  programs,  while  utilizing  the  MC/DG  were 
considered  valuable. 


1.2.5  Hard  Copy  of  MC/DG 

•  The  designers  indicated  that  the  MC/DG  would  be  utilized  almost 
equally  in  the  conceptual,  preliminary,  and  detail  design  phases. 


•  The  hard  copy  of  the  MC/DG  would  be  applied  In  all  phases  of 

design  as  an  aid  in  the  selection  and  evaluation  of  structural 
configurations  and  for  performing  trade-off  studies  on  components. 
It  would  also  be  used  as  a  reference  manual  in  meetings 

(especially  when  justifying  designs  with  management). 

•  The  support  groups  stated  that  the  MC/DG  would  be  useful  in 

each  of  the  following  areas: 

-  Analysis  of  cost-competitive  designs 

-  Manufacturing  engineering  and  producibility 

-  Justification  of  investments  in  facilities. 

•  Designers  felt  that  the  hard  copy  of  the  MC/DG  would  be  used 

extensively  and,  unless  the  response  time  was  minimal,  possibly 
more  than  a  computerized  guide.  It  should  be  mentioned  that 
the  average  age  of  designers  exceeds  57  years  and  the  majority 
of  these  professionals  have  not  been  trained  in  the  use  of 
computers.  However,  this  would  rapidly  be  changed  by  management 
when  evidence  is  observed  that  a  computerized  guide  could  speed 
up  the  design  process  and,  hence,  reduce  the  cost  of  design. 
The  response  time  is  extremely  important.  The  need  is  evident 
to  sell  computer-aided  desiqn-to-cost  to  management  and  convince 
them  to  invest  in  appropri ate  computeri zed  systems  to  ensure 
the  local  availability  of  the  computer  to  the  designer  for 
minimizing  manufacturing  cost. 
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TABLE  A-1.  GENERAL  QUESTIONS  IN  SURVEY  ON  NC/DG 
Number  of  Responses  for  Each  Questfon  Indicated;  (XX) 


A- 5 


TABLE  A-1.  GENERAL  QUESTI(»i!S  IN  SURVEY  ON  HC/OG  (Concluded) 


(1)  DICE  refers  to  designer-influenced  cost  elenents. 


TABLE  A-2.  DATA  SOURCES.  RETRIEVAL  AND  PRESENTATION 
Percentage,  Frequency  or  Relative  Values,  Responses  or  Averages  Indicated:  (XX) 


TAB^E  A-3,  EXPERIENCE/ATTIPJDES  CONCERNING  COMPUTERS 
Responses  or  Averages  Indicated:  (XX) 
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TABLE  A-3.  EXPERIENCE/ATTITUDES  CONCERNING  COMPUTERS  (Concluded) 
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APPENDIX  B 


MECHANICALLY  FASTENED  ASSEMBLY 
SECTION  OF  THE  MC/DG 
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4.2  Mechanically  Fastened  Assembly  Section 


This  section  contains  format  selection  aids.  Identification  of  the 
types  of  parts  analyzed  for  data  to  determine  the  manufacturing  man-hour 
data,  examples  of  how  the  data  are  utilized  In  airframe  design  and  a  set 
of  mechanically  fastened  assembly  formats.  These  formats  Include  cost- 
driver  effects  (CDE),  cost-estimating  data  (CED),  and  designer-influenced 
cost  elements  (DICE). 

4.2.1  Format  Selection  Aids 


Format  selection  aids  are  presented  to  provide  the  user  with  a  building- 
block  approach  to  determine  manufacturing  cost  data  for  alternative  designs 
or  processes.  The  designer  can  review  the  format  selection  trees  and  Identify 
those  areas  that  have  an  Impact  on  his  design.  The  formats  provide  cost- 
driver  effects  (CDE)  for  qualitative  guidance  to  lowest  cost  and  cost-esti¬ 
mating  data  (CED)  in  man-hours  for  conducting  trade-off  studies . 
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FORMAT  SELECTION  AID 

MECHANICALLY  FASTENED  ASSEMBLIES 
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4.2.2  Example  of  Utilization 


This  example  demonstrates  to  the  designer  how  the  mechanically 
fastened  assembly  data  Is  utilized  on  a  specific  design  problem.  The 
example  shows  how  to  Identify  applicable  formats,  how  to  extract  data 
from  the  formats,  and  provides  a  discussion  on  how  the  data  are  used 
to  determine  the  part  cost  In  man-hours  or  dollars.  The  MC/DG  cost 
worksheet  can  be  used  to  record  the  cost  data  for  easy  reference  and 
to  determine  the  total  program  cost.  The  MC/DG  worksheet  appears  as 
Table  3-3. 


4. 2. 2.1  Utilization  Example  of  Aluminum  First  Level  Assembly 
Problem  Statement 


Determine  manufacturing  cost  (man-hours)  for  an  aluminum  (2024) 
first  level  assembly  shown  In  Figure  4.2-1.  The  order  will  be  for  200 
units. 

Procedure 


The  following  procedure  Is  used  to  determine  the  manufacturing  cost 
(man-hours)  for  the  assembly. 

1.  Review  the  Format  Selection  Aid  (Fig.  4.2-1)  for  Mechanically 
Fastened  Assemblies. 

2.  Determine  the  formats  to  use.  In  this  case,  Formats  CED- 
MFA-1  (Fig.  4.2-3)  and  CED-MFA-3  (Fig.  4.2-4)  are  required. 

3.  Study  the  formats  to  determine  the  parameters  and  conditions 
needed  for  use.  To  use  CED-MFA-1,  the  number  of  fasteners, 
fastening  method,  and  sealing  requirements  must  be  specified. 
The  sketch  Indicates  133  fasteners  with  the  faying  surface 
sealed.  For  this  example,  manual  and  automatic  riveting 
will  be  considered.  To  use  CED-MFA-3,  the  part  perimeter 
(ft)  and  fastening  method  is  required.  The  perimeter  in 
this  case  Is  14.4  ft,  and  again,  both  automatic  and  manual 
riveting  will  be  considered  by  the  designer. 

4.  Determine  the  values  for  recurring  cost  and  nonrecurring 
tooling  cost  (NRTC)  from  the  formats: 

(a)  Manual 

•  From  CED-MFA-1,  read  that  the  recurring  cost 
■  5.0  man-hours  per  part 

•  From  CED-MFA-3,  read  that  NRTC  ■  420  man-hours 
NRTC  •  420  man-hours  per  200  parts 

■  2.10  man-hours  per  part 

•  The  learning  cvirve  factor  to  convert  unit  cost 
at  200  to  cumulative  average  cost  for  an  80 
percent  curve  and  a  quantity  of  200  is  1.45  (see 
(Table  4.2-1). 

Total  cost  ■  1.45  (5.0)  +2.1  ■  9.35  man-hours  per 

part. 
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(b)  Automatic 

•  From  C£D”MFA»1,  read  that  recurting  cost  at 
unit  200  *  3. "5  man-hours  par  oart 

•  From  CED-MFA-3,  read  that 

NRTC  *  440  man-hours  per  200  parts. 

=  2.2  man-hours  per  part. 

Total  cost  ”  1.45  (3.2i)  +  2.2  -  6.91  man-hours 
per  part. 

5.  No  applicable  DICE  are  indicated,  and,  therefore,  tV^”  c*>8ts 
determined  above  are  the  final  tct&l  costs  for  assembli  -g 
the  part. 
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FIGURE  4.2-2,  AL'JKINUM  (2024)  FIRST  LEVEL  ASSEMBLY  STATEMENT 


INSTALLATION  COSTS  FOR  ALUMINUM  RIVETS 


TOTAL  FASTENERS  IN  ASSEMBLY 

FIGURE  4.2-3.  FORMAT  USED  IN  EXAMPLE 


CED-MFA-1 
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NONRECURRING  TOOLING  COST  FOR 
ALUMINUM  AND  TITANIUM  ASSEMBLIES 


CED-MFA-3 


FIGURE  4.2-4.  FORMAT  USED  IN  EXAMPLE 
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TABLE  4.2-1 


FACTORS  TO  CONVERT  THE  MC/DG  200TH  UNIT 
COST  TO  THE  CUMULATIVE  AVERAGE  COST 
FOR  THE  DESIGN  QUANTITY  AND 
LEARNING  CURVE  INVOLVED 


DESIGN 

QUANTITY 

LEARNING  CU 

IRVE-% 

95 

90 

85 

80 

75 

70 

65 

1 

1.43 

2.25 

3.48 

5.50 

9.00 

15.00 

27.00 

10 

1.33 

1.79 

2.47 

3.48 

5.04 

7.53 

11.67 

2S 

1.25 

1.59 

2.05 

2.71 

3.68 

5.13 

7.43 

50 

1.19 

1.44 

1.79 

2.22 

2.65 

3.76 

5.14 

100 

1.13 

1.30 

1.52 

1.80 

2.18 

2.73 

3.51 

200 

1.08 

1.17 

1.30 

1.45 

1.66 

1.95 

2.36 

350 

1.04 

1.08 

1.14 

1.22 

1.33 

1.48 

1.70 

500 

1.01 

1.02 

1.05 

1.09 

1.15 

1.24 

1.38 

750 

0.98 

0.96 

0.96 

0.96 

0.97 

1.01 

1.09 

1000 

0.96 

0.92 

0.89 

0.67 

0.87 

o.es 

0.91 
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4.2.3  Alrfr— t  A»s— blf 


To  doctcBlM  ch«  aMMifocCttiiat  for  tint  levtl  ■orli— Irilly 

fostonod  MMBblios.  tho  aMoabliM  akoM  im  ttgmn  4.2«s  to  «or« 

analysod.  Th«  ••••■blios  woro: 

•  Avionics  PsMl 

•  Posslsis  Fansl 

•  Pum1s(s  toor. 
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FIGURE  4.2-5„  ASSEMBLY  ANALYZED  TO  DEVELOP  DATA 


Stringart  Framtt 


ASSatULY  ANALY^'ED  TO  DEVELOP  DATA 


UM  A50261000 
3  Jan  1983 

FUSELAGE 

DOOR  ASSEMBLY 

f-^  l.5"-»^ 

^  ft” 

j.  Sr”"  C 

1-0.75 

*T 

Frame 

Gusset 

a&s 

SECTION 

c-c 

Q75-»-|  1 

n 


IJ 


0.625  rivet  spacing  (typ  2  places) 


a625  rivet 


2.0  ^ 

SECTION  A-A 


SECTION  B-B 


K'-5H 


B- 


TABLE  4.2-2.  DIMENSIONS  AND  MATERIALS  OF  ASSEMBLIES  ANALYZED 


Size 

Size, 

Assembly  Type 

Material 

Classification 

Inches 

Avionics  Bay  Panel 

Aluminum- 1 

A 

24x36 

B 

24x72 

C 

48x36 

D 

48x96 

Fuselage  Panel 

Aluminum- 2 

A 

24x36 

B 

24x72 

C 

48x36 

D 

48x96 

Fuselage  Door 

Aluminum- 3 

A 

24x36 

B 

24x72 

C 

48x36 

D 

48x96 

Avionics  Bav  Panel 

Titanium-1 

A 

24x36 

B 

24x72 

C 

48x36 

D 

48x96 

Fuselage  Panel 

Titanlum-2 

A 

24x36 

B 

24x72 

V 

4Sx3& 

D 

48x96 

Fuselage  Door 

Titanium- 3 

A 

24x36 

B 

24x72 

C 

48x36 

D 

48x96 
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4.2.4  Manufacturing  Data  for  Airframe  Assemblies 

The  following  data  for  airframe  assemblies  are  presented  using 
cost-estimating  data  (CED)  and  cost-driver  effect  (CDE)  formats  for 
conducting  trade-studies. 
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Relative  Coat  of  Installation 


EFFECT  OF  INSTALLATION  METHOD  FOR 
ALUMINUM  AND  TITANIUM  ASSEMBLES 


100%  80%  100%  Manual  100%  Manual 

Automatic  Automatic  Rivet  HI-LOK 

Rivet  Rivet  Installation  Inatallation 

Installation  Installation  (Clearance  Fit) 


‘Includes  the  complete  operation-hole 
praparation  and  fastener  setting 
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EFFECT  OF  PART  COUNT  AND  FASTENING  METHOD 


w  w  ^  o 


)t03  AiquisMV  •A||t|OU 
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CDE-MFA- 


Relative  Installation  Cost  Per  Fastener 


EFFECT  OF  SEAUNQ  ON  ASSEMBLY  COST 
ALUMINUM  ASSEMBLIES 


Percent  Automatic  Installation 


Relative  Installation  Cost  Per  Fastener 


EFFECT  OF  SEALING  ON  FASTENER  INSTALLATION 
COST  TITANIUM  ASSEMBUES 
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EFFECT  OF  SEAUNQ  ON  ASSEMBLY  COST 
TITANIUM  ASSEMBUES 


0  20  40  00  80  100 

Paretnt  Automatic  Inatallation 


Relative  Cost  Per  Fastener 


COST  EFFECTS  OF  INSTALLATION*  METHOD, 
ASSEMBLY  MATERIAL  AND  FASTENER  TYPE 


*  Installation  Includes  the  complete  operation-hole 
preparation  and  fastener  setting 


Recurring  Cost 
Nonrecurring  Cost 


EFFECT  OF  SEALING  ON  FASTENER  INSTALLATION 
COST:  ALUMINUM  AND  TITANIUM  ASSEMBLIES 


MAN-HOURS/ASSEMBLY  (RECURRING) 


MAN-HOURS/ASSEMBLY  (RE< 


INSTALLATION  COSTS  FOR  TITANIUM  RIVETS 


O 

z 

£ 

oc 

3 

o 
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NONRECURRING  TOOLING  COST  EOR 
LUMINUS/I  AND  TITANIUi;;  ASSEH/gBLIE 


e  400 


AUTOMATIC  RIVETING 


MANUAL  RIVETING 


B  10  12  14  16  18 

1  20  22  24 

PERIMETER,  FEET 

1 

CED-MFA-3 

A. 2. 5  Ground  Rules  for  Mechanically  Fastened  Assembly  Section 


The  following  General  and  Detailed  Ground  PxUles  for  the  Mechanically 
Fastened  Assembly  Section  were  developed  to  establish  the  scope  of  the  data 
required  and  to  establish  guidance  to  MC/DG  application.  Ground  rules  are 
necessary  and  imporcant  as  they  prouote  understanding,  ensure  consistency, 
uniformity,  and  accuracy  in  generating  and  Integrating  data  into  the 
formats. 


A. 2. 5.1  General  Ground  Rules 

The  general  ground  rules  are  categorised  under  the  following 
major  groupings: 

(a)  First-Level  Mechanically  Fastened  Assemblies  (MFA) 

(b)  Materials 

(c)  Assembly  Methods 

(d)  Facilities 

(e)  Data  Generation  -  Recurring  Costs 

(f)  Data  Generation  -  Nonrecurring  Costs 

(g)  Test  and  Evaluation  of  Data 

(h)  Support  Function  Modifiers. 

(a)  First-Level  Mechanically  Fastened  Assemolies  (MFA) 

(1)  The  MFA  were  selected  to  provide,  where  possible,  data 
for  more  than  one  manufacturing  assembly  method  to  enable 
the  designer  to  select  the  most  cost-competitive  method 
in  trade-off  studies  by  making  cost  comparisons - 

(2)  The  assemblies  selected  are  representative  of  common 
first-level  structural  assemblies  required  in  both 
small  and  large  aircraft.  The  majority  of  discrete 
parts  utilized  in  these  assemblies  was  selected  from 
the  Demonstration  Section  for  "Sheet  Metal  Aerospace 
Discrete  Parts",  to  form  the  foundation  so  that  the 
designer  can  modify  the  part,  as  required,  to  achieve 
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the  desired  structural  foundation  and  configuration. 

The  assemblies  selected  were  an  avionics  bay  panel,  a 
fuselage  panel  with  a  cutout,  and  a  fuselage  door 
assembly. 

(3)  Drawings  were  developed  defining  the  selected  assemblies 
in  the  required  detail  to  conduct  the  cost  estimating 
analysis. 

(b)  Materials 

(1)  The  materials  selected  for  the  assemblies  are: 
a  Aluminum  -  2024 

a  Titanium  -  6A1-4V. 

(2)  Raw  materials  and  fastener  costs  are  not  included  in 
the  MC/DG  formats  for  MFA  but  were  addressed  in  the 
Fuselage  Shear-Panel  Trade-Off  Studies, 

(3)  The  material  cost  for  the  tooling  was  not  Included. 

(c)  Assembly  Methods 

(1)  Only  conventional  methods  of  assembly  were  evaluated 
to  assemble  the  parts. 

(2)  A  production  environment  was  assumed  for  the  selected 
assemblies . 

(3)  To  generate  an  effective  manufacturing  man-hour  data 
base  for  each  selected  assembly,  the  operational 
sequence  for  the  applicable  manufacturing  technologies 
was  established  reflecting  the  most  economical  pro¬ 
cedure.  The  operational  sequence  was  standardized 
then  used  by  each  team  member,  as  the  standard,  to 
determine  the  base  assembly  cost.  The  operational 
sequences  are  Indicated  in  Appendix  E. 

(4)  Nonrecurring  tooling  costs  (NRTC)  for  the  manufacture 
of  the  various  assemblies  were  provided  on  the  Data 
Collection  Forms. 
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(d)  Facilities 


(1)  Only  conventional  or  standard  manufacturing  facilities 
available  in  the  airframe  Industry  were  considered. 

(e)  Data  Generation  -  Recurring  Costs 

(1)  Recurring  man-hour  data  were  generated  for  the  complete 
assembly  process  to  include  all  hands-on-factory  direct 
labor  operations  from  Initial  preparation  for  jig  loading, 
drilling,  and  fastener  Installation,  to  storage  for  the 
next  assembly  phase. 

(2)  A  base  cost  was  generated  for  each  assembly  type.  This 
base  part  was  configuration  Ila-l-slze  A  (24  in  x  36  In) 
avionics  panel  assembly  with  100  percent  automatic 
Installation  of  fasteners  common  to  skin  and  sub¬ 
structure. 

(3)  Designer-Influenced  cost  elements  (DICE)  were  treated 
as  separate  cost  elements  over  and  above  the  base 
assembly  cost. 

(4)  The  quantity  for  which  the  base  assembly  cost  was 
determined  was  unit  200. 

(5)  Man-hours  associated  with  DICE  and  other  cost  drivers 
were  identified. 

(6)  The  data  were  represented  in  man-hours. 

(7)  Assembly  time  consists  of  the  direct  man-hours  to  set  up 
and  complete  the  assembly  operation. 

(8)  Recurring  tooling  costs  (tool  maintenance,  planning,  etc.) 
were  not  included. 

(9)  In  developing  cost  data  for  assemblies,  the  participating 
companies  used  comnon,  but  proprietary,  learning  curves. 

(10)  The  assembly  man-hours,  as  derived  by  each  airframe 

company,  were  normalized  by  BCL  to  reflect  an  Industry 
team  average  value  for  each  assembly. 
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(11)  For  proprietary  reasons,  realization  factors.  Including 
personal  fatigue  and  delay  (PF&D) ,  individual  company 
standards,  and  other  business-sensitive  information 
employed  at  team  member  companies  were  not  included  in 
the  analysis  or  on  the  data  sheets  or  MC/DG  formats. 

(f)  Data  Generation  -  Nonrecurring  Costs 

(1)  Tool  fabrication  man-hours  were  developed  for  each 
assembly  type.  Tool  design  and  tool  planning  man¬ 
hours  were  not  included. 

(2)  The  cost  of  production  assembly  tooling  was  restricted 
to  contract  or  project  tools  only. 

(3)  Nonrecurring  tooling  costs  (NRTC)  generated  by  the 
team  companies  were  normalized  by  BCL  for  presentation 
in  the  MC/DG  formats  for  MFA. 

(g)  Test  and  Evaluation  of  Data 

(1)  Test  and  confirmation  of  the  formats  and  integrated 
data  were  accomplished  by  two  team  members.  Each  of 
the  remaining  three  team  members  was  provided  with  the 
data  inserted  on  the  MC/DG  formats.  In  order  to  gain 
confidence  and  ensure  the  validity  of  the  formatted 
data,  the  selected  configurations  were  submitted  to 
cost-estimators  in  other  team  companies.  These  data 
were  then  compared  to  the  formatted  data  generated  and 
evaluated  to  assess  its  credibility.  Any  anomalies 
were  resolved  and  modifications  incorporated,  if 
appropriate. 

(h)  Support  Function  Modifiers 

(1)  Additional  efforts  other  than  factory  labor,  such  as 

quality  control  and  assurance,  manufacturing  engineering 
and  planning,  were  excluded  from  the  assembly  man-hour 
data  supplied  to  BCL.  These  modifiers  may  be  included 
later  by  MC/DG  airframe  company  users. 


A. 2. 5. 2  Detailed  Ground  Rules 


(1) 


(2) 


(3) 


(4) 

(5) 

(6) 

(7) 

(8) 
(9) 

(10) 

(11) 

(12) 


Manufacturing  asse&bly  methods  evaluated: 
•  Manual  Installation— -impact  of  squeeze 


Fastener  types  evaluated: 
e  Upset  rivets 

-  Aluminum  panel — ^AD  rivets 

>  Titanium  panels— bitmetallic  titanium  rivets 
e  Pins 

-  Titanium 
e  Collar 

-  Aluffllntim  panel— aluminum  collar 

-  Titanium  panel— Cres  collar. 

Flush  fasteners  were  countersunk: 

e  No  dimpling  (skin  gages  selected  were  sufficiently 
thick  to  make  dimpling  unnecessary). 

Hole  preparation  accomplished  by  combination  of  drill 
and  countersink. 


Tolerances— location  and  hole  sizes  corresponded  to 
individual  company  standards. 

No  shimming,  fitup,  or  trimming  of  assembly. 

Rivet  heads  were  as  driven  with  no  shaving  required. 

No  sealing  required  in  baseline  assemblies. 

No  mastered  hard  points  or  Interchangeabi.  'ty  requirements. 
Manual  assemblies  were  assumed  to  be  deburred  at  mating 
surfaces. 

Mo  finishing,  e.g.,  paint  or  prime,  required  after  driving 
fasteners. 

All  assemblies  were  evaluated  in  aluminum  and  titanium 
materials . 
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APPENDIX  C 


MC/OG  FORMAT  AND  GROUND  RULE  LOCATOR  FOR 
AIRFRAMES  AND  ELECTRONICS 


U.8.  Air  Fore* 

ICAM  “Manufacturing  Coat/Daaign  Guide”  (MC/OG) 

GROUND  RULE  LOCATOR 


Contract  Numbara: 

•  Fa)61S-75^ia4 

•  n3618*77-C4027 

•  F33615>7»C4102 

•  F3361S-a5^8016 

MC/DG  FOR  AIRFRAMES 
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U.S.-AIr  Fore* 

ICAM  “Manufacturing  Cost/Dctign  Quid#"  (MC/DG) 

GROUND  RULE  LOCATOR 


Contract  Numbtft: 

•  F33aiS*7frC4m 

•  n361S-77-C^7 

•  n361S-7»^102 

•  F33eiM54^S016 

MC/DQ  FOR  AIRFRAMES 


Report 

Typo/Numbor 

Report 

Da^ 

Manufacturing  Technology 
and  Ground  Rules 

Page 

Numbers 

Inttrim  Report  No. 

IR  4502/ 9-II  ' 

2 

June 

1980 

e  Test,  Inspection  end  Eveluetlon  (TI&E) 

-  Sheet  Metel  Perte 

A-l  to  A-5 

*  Mechenlcelly  Fastened  AaBembliea 

A“6  to  A-9 

-  Advanced  Comeoaltsa  Fabrication 

A-10  to 
A-13 

-  Machining 

A-14  to 
A-16 

a  Caatings  (Includes  Castings  TI&£) 

A-l 9  to 
A-23 

Interim  Report  No. 

IR  4502/9-VHI 

November 

1961 

•  Forgings 

86  to  91 

1 

1 

a  Bxtrualons 

92  to  98 

U.S.  Air  Foret 

ICAM  “Manufacturing  Coat/Oaaign  Guide”  (MC/DG) 

FORMAT  LOCATOR 

Conlnet  Numbara: 

•  FSMia-TS^IM 

•  F33618-77-C-S027 

•  P3M18-7»O4102 

•  F3361»'aS<C^1S 


MC/DG  FOR  AIRFRAMES 


Report 

Typo/Numbor 

Roport 

Date 

Manufaeluring  Ttehnoiogy 
and  Format  Oavalopmont  Stage 

Format 

Number 

Page 

Numbers 

Final  Raport  Mo. 

Dacaabar 

COMCEPTUAL  rORMATS 

AFKL-TR-76-227 

1976 

a  Forginga 

- 

118>168 

a  CaatlBga 

- 

160>183 

a  Machining 

- 

191-201 

a  Chaaical  Milling 

- 

206-220 

a  Surfaca  TaxCura  and  Tolarancaa 

- 

:36-;i5 

a  Nacal  Forning 

- 

253-267 

a  Ftbarglaaa  Laatoacas 

270-292 

a  Surfaca  Traataant 

298-302 

a  Maiding 

- 

311-318 

a  Adhasiva  Bonding 

- 

324-344 

a  Nachanically  Faatanad  Aaaaabliaa 

- 

347-357 

a  Uold-Bonding 

- 

361-365 

a  Diffuaion  Bonding 

373-379 

U.8.  Air  Force 

ICAM  “Manufacturlno  Coat/Oatlgn  Guida”  (MC/DG) 

FORMAT  LOCATOR 


Coniraet  NumbMt: 

•  FSSaiS-TS^IM 

•  F33aiB-77<C-5027 

•  FS3ei8-7»C.8102 

•  F33618-a8-C-S01$ 


MC/DG  FOR  AIRFRAMES 


Rtport 

Typ«/Numb«r 

Raport 

Data 

Manufacturing  Tachnology 
and  Format  Davalopmant  Stage 

Format 
.  Number 

Page 

Numbers 

Final  Raport  No. 
AFVAL-TR-80-A115 
VoluM  I 

Sapcoabor 

1980 

• 

PUBLICATION  FORMATS 

Shaat-4iatal  Fabrication  Lowaat 

Coat  Procaaaas 

-  AluBlnua 

CED-A-l  to 
CED-A-24 

81-104 

>  Titanium 

CED-T-1  to 
CED-T-9 

108-116 

-  Steel 

CED-S-1  to 
CED-S-10 

120-129 

-  Seaigaet-Influancad  Cost 
Eleoants  (DICE) 

DICE-0  to 
DICE-13 

133-146 

• 

Comparison  of  Manufacturing 
Tachnologies  for  Shset-Mstal 
Aerospace  Discrete  Parts 

CDE-P-I  to 
CDE-P-III 

150-152 

• 

Coagiarison  of  Structural  Sections 
for  Shest-Metal  Aerospace  Discrete 
Parts 

CDE-M-I  and 
CDE-H-II 
CDE-M-1  to 
CDE-H-15 

156  &  157 

158-172 

• 

Nschanically  Fastened  Assenblles 

CDE-MFA-1  to 
CDE-MFA-VIII 
CED-MFA-1 
CED-MFA-3 

193-200 

2  04-206 

U.8.  Air  Fore* 

ICAM  ‘‘Manufacturing  Coat/Oaslgn  Quida”  (MC/DG) 

FORMAT  LOCATOR 

Contract  Numbara: 

•  F3361 5-75^51 94 

•  F33615-77-C-S027 

•  F3361 5-79^51 02 

•  F33615-8S-C-5016 

MC/DG  FOR  AIRFRAMES 


Report 

Type/Number 

Report 

Date 

Manufacturing  Technology 
and  Format  Development  Stage 

Format 

Number 

Page 

Numbera 

Final  Report  No. 

September 

PUBLICATION  FORMATS 

AFWAL-TR-80-4n5 
Volume  I 

1980 

•  Advanced  Composites  Fabrication 

-  Graphite/Epoxy 

CDE-G/E>I  to 
CDE-G/E-VII 
CEO-G/E-1  to 
CED-G/E-12 

225-231 

235-246 

-  Designer  Influenced  Cost 

Elements  (DICE) 

DICE'G/E-1  to 
OICE-G/E-6 

250-255 

Final  Report  No. 
AFUAL-TR-83-4033 
Vol.  V-Machining 

March 

1985 

•  Machining 

-  Cost  Hazards 

4.10- 26 
to 

4.10- 28 

-  Cost  Driver  Effects 

CDE-M/C-I  to 
CDE-M/C-XVII 

4.10- 37 
to 

4.10- 53 

-  Cost  Estimating  Data 

CED-M/C-1  to 
CED-M/C-66 

4.10- 55 
to 

4.10- 122 

-  General  Machining  Features 

CED-M/C-I  to 
CEO-M/C-XXIII 

4.10- 123 
to 

4.10- 146 

•  Nonrecurring  Costs 

NRC-M/C-1  to 
NRC-M/C-13 

4.10- 147 

to 

4.10- 160 

U.S.  Air  Fore* 

ICAM  “Manufacturing  Coat/Dasign  Quid*"  (MC/DG) 

FORMAT  LOCATOR 


Contract  Numbara: 

•  F33615-75-C-5194 

•  F33615-77-C-5027 

•  F33615-79-C-5102 

•  F3361S-85-C-5016 

MC/DG  FOR  AIRFRAMES 


Report 

Type/Number 

Report 

Date 

Manufacturing  Technology 
and  Format  Development  Stage 

Format 

Number 

Page 

Numbers 

Final  Report  No. 
AFWAL-TR-88-4049 

May 

1989 

•  Composite  Fabrication 

-  Cost  Driver  Effects  (Resin) 

CDE-CR-IA  to 
COE-CR-VIIA 

5-9  to 
5-15 

-  Cost  Driver  Effects  (Configuration^ 

CDE-C/E-I  to 
COE-C/E-XII 

5-16  to 
5-27 

-  Cost  Driver  Effects  (TISE) 

CDE-THE-C/E-I  to 
CDE-THE-C/E-V 

5-28  to 
5-32 

-  Cost  Estlmatlrg  Data  (Lineal 
Shapes) 

CED-C/E-Ll  to 
CED-C/E-L34 

5-34  to 
5-67 

•  Cost  Estimating  Data  (Lineal 
Shapes/TI&E) 

CFD-THE-C/E-Ll  to 
£D-THE-C/E-M2 

5-68  to 
5-79 

-  Cost  Estimating  Data  (Panels) 

CED-C/E-Pl  to 
CED-C/E-P20 

5-ei  to 
5-100 

-  Cost  Estimating  Data  (Panels/ 
THE) 

CED-THE-C/E-Pl  to 
CED-THE-C/E-P8 

5-110  to 
5-117 

-  Cost  Estimating  Data  (Shear  Webs) 

CED-C/E-Wl  to 
CED-C/E-W16 

5-124  to 
5-139 

-  Cost  Estimating  Data  (Shear  Webs/ 
THE) 

CED-THE-C/E-Wl  to 
CED-THE-C/E-W12 

5-140  to 
5-151 

-  Cost  Estimating  Data  (Assembly) 

CED-C/E-Al  to 
CED-C/E-A3 

5-153  to 
5-155 

-  Designer  Influenced  Cost  Elements 
(Panels) 

OICE-C/E-1  to 
DICE-C/E-9 

5-101  to 
5-109 

-  Designer  Influenced  Cost  Elements 
(THE  -  Panels) 

DICE-THE-C/E-1  to 
DICE-THE-C/E-4 

5-119  to 
5-122 

C-7 


U.8.  Air  Fore* 

ICAM  ‘‘Manufacturing  Coat/Daaign  Quida”  (MC/DG) 


FORMAT  LOCATOR 

Contract  Numbtra: 

•  F33615-75-C-5194 

•  F33615-77-C-5027 

•  F33615-79-C-5102 

•  F3361 5^5-0501 6 

MC/DG  FOR  AIRFRAMES 


Report 

Type/Number 

Report 

Date 

Manufacturing  Technology 
and  Format  Development  Stage 

Format 

Number 

■nni 

Final  Report  No. 
AFWAl-TR-88-4049 
(Continued) 

May 

1989 

a  Mechanically  Fastened  Assembly 

-  Cost  Driver  Effects 

CDE-MFA-I  to 
CDE-MFA-XXII 

7-8  to 
7-29 

-  Cost  Estimating  Data  (Aluminum) 

CED-MFA-1,2,5,6, 
7,10  4  12 

7-30.7.31 
7-34  to 
7-36,7-39 

4  7-41 

-  Cost  Estimating  Data  (Titanium) 

CED-MFA-3. 5,8,9, 

13  4  15 

7-32,7-34, 
7-37,7-38, 
7-42  4 

7-44 

-  Cost  Estimating  Data 
(TI4E  -  Aluminum) 

CED-MFA-16,18  4  19 

7-45,7-47 

7-48 

-  Cost  Estimating  Data 
(TISE  -  Titanium) 

CED-MFA-17  4  19 

7-46  4 
7-48 

e  Superplastic  Formlng/DIffuslon 
Bonding  (SPF/OB) 

-  Cost  Driver  Effects 

COE-SPF-I  to 
CDE-SPF-XXXVII 

6-17  to 
6-53 

•  Cost  Estimating  Data 

CED-SPF-1  to 
CED-SPF-13 

6-54  to 
6-66 

■ 

-  Test,  Inspection  S  Evaluation 
(TIM) 

CED-SPF-14  to 
CED-SPF-24 

6-67  to 
6-77 

U.8.  Air  Fore* 

iCAM  “Manufacturing  Coat/Daaign  Guida"  (MC/DG) 


FORMAT  LOCATOR 


Contract  Numtwra: 

•  F33615-75-C-5194 

•  F3361S-77-C-S027 

•  F33615-7»C'S102 

•  F3361S-aS-C-S016 


MC/DG  FOR  AIRFRAMES 


Roport 

Typo/Numbor 

WESm 

Manufacturing  Technology 
and  Format  Oavalopmant  Stage 

Format 

Number 

Page 

Numbers 

Incerln  Report  No. 

IR  4502  /  9-11 

2 

June 

1980 

• 

DRAFT  FORMATS 

Tett,  Inspection  and  Evaluation 
(TI&E) 

-  Advanced  Composltaa  Fabrication 

—  Graphlte/Epoxy 

CED-G/E- 
TIiE-1  to 
CED-G/E- 
TI&E-12 

35  to  46 

—  Designer-Influenced  Cost 
Elements 

DICE-G/E- 
TI6E-1  to 
DICE-G/E- 
TI«iE-7 

47  to  53 

• 

Castings 

CDE-IC  to 
CDE-9C 

64  and  71 
to  78 

CED-IC  to 
CED-16C 

65  to  70 
and 

79  to  88 

Interim  Report  No. 

IR  4502/ 9-V 

March 

1981 

• 

DRAFT  FORMATS 

Castings 

- 

38  to  44 

Interim  Report  No. 

IR  45  02  /  9-VIII 

November 

1981 

• 

CONCEPTUAL  FORMATS 

Forgings 

- 

A-11  to 
A-39 

• 

Extrusions 

B-:  to  ■ 
B-15 

C-9 


U.S.  Air  Foret 

ICAM  “Manufacturing  Coat/Daaign  Guide”  (MC/OG) 

FORMAT  LOCATOR 


Contract  Numbon: 

•  F33615*75^Sie4 

•  F3361S-77-C-5027 

•  F33eiS-79^5102 

•  F33615-e5^8016 


MC/DG  FOR  AIRFRAMES 


Rrport 

Typo/Numbor 

Report 

Data 

Manufacturing  Technology 
and  Format  Davaiopmant  Stage 

Format 

Number 

Page 

Number! 

InCerla  Report  Ko. 

IR  4502  /  9-IX 

January 

1982 

PRE-PUBLICATION  FORMATS 

a  Tast«  Inapactlon  ani  Evaluation 
(TI&E) 

-  Sheet  Mttal 

—  Alualnua 

CED-TI&E-A-l 

to 

CEO-T1&E-A-24 

—  Titanlua 

CED-TIiE-T-1 

to 

CED-TI4E-T-9 

~  Steal 

CED-TI4E-S-1 

to 

CED-TI4E-S-10 

—  Designer  Influenced  Cost 
Eleaeiits  (DICE) 

DlCE-TISE-1 

to 

DICE-TISE-6 

-  Coaperlaon  of  Manufacturing 
Technologies  for  Sheet-Metal 
Aerospace  Discrete  Parts 

CDE-TI4E-P-I 

to 

CDE-TISE- 

P-III 

C-IO 


U.8.  Air  Fore* 

ICAM  "Manufacturing  Coat/Oaaign  Guido”  (MC/DG) 

FORMAT  LOCATOR 


Contract  NumliorK 

•  F3361S-75iC-51M 

•  F33615-77-C>5027 

•  F3361S-70-C-8102 

•  F33615-05-C-$018 


MC/DG  FOR  AIRFRAMES 

Report  Report  Manufacturing  Technology  Foi  «t  Page 

Type/Number  Oat*  and  Format  Development  Stag*  Numoer  Numbers 

Interim  Report  No.  January  PRE~PUBL1 CATION  FORMATS 

IR  4502/9-IX  1982 

a  Test,  Inspection  and  Evaluation 
(TliE) 

-  Comparison  of  Structural  CDE-TIAE-M-I 

Sections  for  Sheet'^tetal  to 

Aerospace  Discrete  Parts  CDE-TI&E- 

M-IIl 

CED-TI4E-M-1 
to 

CED-TISE-M-9 

>  Mechanically  Fastened  CED-TI4E- 

Assemblles  MFA-1  to 

CED-TIiE- 
MFA-3 

DICE-TI4E- 
MFA-1 

-  Advanced  Composites  Fabrication 

—  Graphlte/Epoxy  CDE-TI4E- 

G/E-I 

CED-TISE- 
G/E-1  to 
CED-TISE- 
G/E-6 

DICE-TIiE- 
G/E-1  to 
DICE-TISE- 
G/E-4 


U.8.  Air  Forc« 

ICAM  “Manufacturing  Coat/Daatgn  Quida”  (MC/DQ) 

FORMAT  LOCATOR 


Cenlncl  NumbWK 

•  F3sais-7s-c-sm 

•  F3M1S-77-C^7 

•  F33aiS-7»^8102 

•  Fssais-ts-caois 


MC/OQ  FOR  AIRFRAMES 


Rsport 

Typ«/Niimb«r 

Rapert 

Data 

Manulaelurlng  Taehnology 
and  Formal  Davalopmant  Staga 

Format 

Numbar 

Paga 

Numbars 

Interim  Report  No. 

IR  4S02/9-1Z 

Jenuery 

1982 

PRE-PUBLICATION  FORMATS 

•  Test,  Inapectlon  end  Bveluatlon 
(Tl«) 

-  Machined  Pert a 

—  Aluminum 

CED-TIAE-MP- 
A-1  to 

CED-TIAE-MP- 

A-5 

—  Titanium 

CEO-IIAE-MP- 
T-1  to 

CED-TI6E-MP- 

■r-4 

—  Steel 

CED-TISE-MP- 
S-1  to 

CED-TI4E-MP- 

S-4 

—  Conpariaon  of  Materlala 

CED-TISE-MP- 
M-1  to 

CED-TIfcE-MP- 

M-S 

—  Dealgnar-Influenced  Coot 
Elements  (DICE) 

DICE-TIAE- 

MP-1 

-  Raw  Castings 

CED-TlAE-C-l 

to 

CED-TIAE-C-3 

U.8.  Air  Fore* 

ICAM  “Manufacturing  Coat/Daslgn  Quid#”  (MC/DQ) 

FORMAT  LOCATOR 


ContrMl  NumawK 

•  F33615-75-C-S1B4 

•  F3M1S-77<C>8027 

•  F3961S‘79-C-8102 

•  F33aiMS-C4016 


MG/DG  FOR  AIRFRAMES 


Report 

Type/Number 

Manufacturing  Technology 
and  Formal  Oavalopmant  Stage 

Formal 

Number 

Fage 

Numbers 

Inttrla  Report  No. 

IR  4502/9-IX 

Jmnuery 

1982 

PRE-PUBLICATIOM  FORMATS 

•  Ceatlngs 

-  Raw  Ceatlngs 

-  Machining  of  Caatings 

COE-C-Z  CO 
CDE-C-VIl 

CED-C-1  to 
CE1>>C<« 

DlCE-C-l  to 
DlCE-C-3 

CDE-MC-I  to 
CDE-HC-111 

CED-MC-1  to 
CED-MC-8 

C-13 


U.S.  Air  Fore* 

ICAM  “Manufacturing  Coat/Daalgn  Quida”  (MC/DQ) 

FORMAT  LOCATOR 


ConlraM  MtMUbMK 

•  F3M18-7B-C4m 

•  FU618-77-C4027 

•  F)M1S-7»C410a 

•  FSMis-as^wie 


MC/DG  FOR  AIRFRAMES 


Report 

Typo/Numbor 

Manufacturing  Taehnolegy 
and  Format  Davaiopmant  tt^ 

Format 

Number 

Page 

Numbers 

IntcrlB  Report  No. 

IR  4S02/9-IX 

Jaiiuary 

1982 

DRAFT  FORMATS 

•  Foralnga 

>  AlualnuB 

- 

>  Tltanlua 

- 

-  SCMl 

■ 

c- 


U.S.  Air  Forc« 

ICAM  “Manufacturing  Coal/Dtaign  Qulda”  (MC/DQ) 

FORMAT  LOCATOR 


Cowtraci  Wwiiam; 

•  F33C18-7fr«-6ia4 

•  FmiS-77<C«0a7 

•  FSMia-ra^ica 

•  FsasiB-as«4oic 

MC/DQ  FOR  AIRFRAMES 


Raport 

Typa/NumtMr 


Raport 
'  Data 


Monthly  Stkcui 
Raport  Ho.  4 


S 

May 


IMO 


Manufacturing  Tachnelogy 
and  Format  Oavalopmant  tt^a 


Format  Faga 
Number  Numbara 


ORAFT  FORMATS 


Ca  at  Inga 


1C  CO  2SC 


32  CO  56 


Monthly  Status 
Raport  Ho.  21 


3 

Movaabar 

1981 


COMCEPTDAL  FORMATS 
a  Forginga 

a  Extrusions 


A-11  to 
A-39 

B>2  to 
8*15 


Monthly  Status 
Raport  No.  22 


10 

Oscaabar 

1961 


COMCEPTUAL  FORMATS 
Extrusions 


A*1  and 
A-2 


C-15 


UiA.  Air  Pore* 

ICAM  "Manufaelurino  Coal/Daaign  Qulda”  (MC/DQ) 

GROUND  RULE  LOCATOR 

CowOagt  Mum***!; 

•  FmiS-78-C41M 

•  asMia-TT-c-coar 

•  P33C18>7*<«-S102 

•  nseiB^as-c^ie 

MC/DQ  FOR  ELECTRONICS 


Rapert 

Typa/Numbar 

Manufacturing  Taehnelegy 
and  Ground  Rulaa 

Raga 

Numbars 

Inter !■  Beport  Mo. 

IR  4S02/9-VII7 

Movaaber 

1981 

•  Elactroalcs  fabrlcatlea,  AiMably.  end  Teat 

66  CO  72 

C-16 


U.8.  Air  Fore* 

ICAM  "Manufaeturinfl  Coat/Oaaign  Quid*”  (MC/DQ) 

FORMAT  LOCATOR 

Contraet  NumbMK 

•  F33eiS-78-C-Sm 

•  FSM1S-77-C-S027 

•  F3aeis*7a-c-5io2 

•  F336lS-a5^S016 

MC/DQ  FOR  ELECTRONICS 


Rtport 

Typa/Numbar 

Manufacturing  Taehnoiogy 
and  Format  Davalopmant  8t^ 

Format 

Numbar 

Paga 

Numbart 

Intarla  Raporc  Mo. 

IR  4S02/9-V 

March 

i9P; 

ORAFT  FORMATS 

a  Elactrottlca  Fabrication,  Aaaambly, 
and  Taac 

-  Incarconnact,  Iraartlon  and 
Soldarlng  Frocata 

- 

30-35 

IncarlcB  Raport  No. 

IR  4502/ 9-Vl 

May 

19^1 

DRAFT  FORMATS 

a  Elactronict  Fabrication,  Aaaambly, 
and  Taat 

-  Conceptual  Daalin  Phaaa 

CDE-E-IA 

CDE-E'IIIB 

CDE-E'IVA 

13-16 

-  Intarconnact,  Inaertlon  and 
Soldaring  Procaaa 

18-26 

C-17 


U.8.  Air  Fore* 

ICAM  “Manufacturing  Coat/Dasign  Quida“  (MC/DQ) 


FORMAT  LOCATOR 

Cenlraet  NunMMn: 

•  F3M1S-78^81M 

•  F33618.77-C-8027 

•  F3361S>7aC-8102 

•  F33«18>as-C-801« 

MC/DG  FOR  ELECTRONICS 


Raport 

Typc/Numbcr 

Manufacturing  Technology 
and  Format  Davalopmant  Stage 

Format 

Number 

Page 

Numbara 

Intaria  lUport  No. 

IR  4S02/9-V1I 

August 

1961 

PRE-PUBLICATION  FORMATS 

e  Electronics  Fsbrlcstlon,  Asseably 
end  Test 

-  Insertion  Process:  Printed 
Wiring  Asseably  (PWA) 

CED-AD-l  to 
CED-AD-13 

B-l  to 
B-13 

-  Soldering  Process:  Printed 
Wiring  Asseably  (PWA) 

CED-AD-I  to 
CED-AD-Xm 

C-1  to 
C-13 

Interim  Report  No. 

IR  <i502/9-VlIl 

Noveaber 

1981 

PRE-PUBLICATION  FORMATS 

e  Electronics  Fabrication,  Asseably 
and  Test 

-  Conceptual  Design  Phase 

CDE-E-1  to 
CDE-E-VIB 

31-65 

C-18 


U.8.  Air  Fore* 

ICAM  "Manufacturing  Coat/Dcaign  Quida**  (MC/DG) 

FORMAT  LOCATOR 

C  Cantraet  Numbtra: 

•  Fsaais-Ts^sm 

•  F33618-77-C-S027 

•  F3M1S*7a^102 

*  •  Faaaia-as-c-soie 

MC/DG  FOR  ELECTRONICS 


Rtport 

Typ«/Numb«r 

Rapert 

Data 

Manufacturing  Taehnology 
and  Format  Oavalopmant  Staga 

Format 

Numbar 

Faga 

Numbars 

Monthly  Statua 

Report  No.  12 

26 

January 

1981 

CONCEPTUAL  FORMATS 

a  Elaccronlcs  Fabrication,  Aaaaaibly, 
and  Teat 

*■  Conceptual  Daaign  Phaaa 

•> 

A-3  to 
A-10 

-  Detailed  Circuit  Oealgn  Phaae 

- 

B-3  to 
B-IJ 

4 

-  Detailed  Mechanical  Design  Phase 

C-J  to 
C-10 

r 

C-19 


t  • 


U.S.  Air  Fore* 


ICAM  “Manufacturing  Coat/Daaign  Quida"  (MC/DQ) 

FORMAT  LOCATOR 

Contract  Numboro: 

•  F3361S-7S^8194 

•  F3361S>77-C^7 

•  F336-SS.79-C-8102 

•  F338184SC-8016 

MC/DG  rOR  ELECTRONICS 


Report 

Typo/Numbor 

Report 

Data 

Manufacturing  Technology 
and  Format  Development  Stage 

Format 

Number 

Page 

Numbers 

Honchly  Status 

Kaport  No.  13 

IP 

March 

1981 

PRELtMINARy  FORMATS 

•  Blactronlca  Fabrication,  AoMebly, 
and  Tate 

-  Concaptual  Dcalgn  Phata 

CDE-E-l  to 
CDE-E-V 

to  36 

•  Part  Salactlon 

- 

A-1  to 
A-9 

-  Intarconnact  Batwaan  Co^>onaatt 
or  Ataaabllat 

- 

A-10  to 
A-15 

-  Procaaa  Electrical  or 

Mtchanlcal 

A-16  to 
A-:i 

C-20 


U.$.  Air  Force 

ICAM  “Manufacturing  Cott/Design  Guide"  (MC/DG) 

FORMAT  LOCATOR 

Contract  Numban: 

•  F33615-75-C-S1M 

•  F3361S-77>C-5027 

•  F3361S-79-C-5102 

•  F3361545^5016 

MC/DG  FOR  ELECTRONICS 


Report 

Type.'Number 

Report 

Date 

Manufacturing  Technology 
and  Format  Deveiopmant  Stage 

Format 

Number 

Page 

Numbers 

Monthly  Status 

15 

DRAFT  FORMATS 

Report  No.  14 

April 

1981 

•  Electronics  Fabrication^  Asseably, 
and  Test 

-  Interconnect,  Insertion  and 
Soldering  Process 

• 

10  to  15 

Monthly  Status 

15 

DRAFT  FORMATS 

Report  No.  16 

June 

1981 

e  Electronics  Fabrication,  Assembly, 
and  Test 

-  Conceptual  Design  Phase 

CDE-E-LA 

CDE-E-IIIB 

CDE-E-IVA 

CDE-E-IVC 

9  to  13 

-  Interconnect,  Insertion  and 
Soldering  Process 

* 

18  to  26 

Monthly  Status 

23 

DRAFT  FORMATS 

Report  No.  17 

July 

1981 

e  Electronics  Fabrication,  Asaembly 
and  Test 

"  Insertion  Process:  Printed 
Wiring  Assembly  (PWA) 

CED-AD-1  to 
CED-AD-13 

A-1  to 
A-13 

-  Soldering  Process:  Printed 
Wiring  Asaembly  (PWA) 

CED-AD-I  to 
CED-AD-XIII 

B-1  to 
B-13 

C-21 
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Format 

Page 
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and  Format  Development  Stage 
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Numbers 

Monthly  Status 

August 

DRAFT  FORMATS 

Raport  No.  18 

1981 

• 

Elactronlcs  Fabrication,  Assambly, 
and  Test 

•>  Part  Selection 

- 

6  to  9 

•  Built-In-Tast  Equlpnant  (BITE) 

- 

14  and  15 

Monthly  Status 

28 

DRAFT  FORMATS 

■ 

Raport  No.  19 

Saptaabar 

1981 

• 

Elactronlcs  Fabrication,  Assaubly, 
and  Test 

-  Soldering  and  Insertion  Process 

7  to  10 

Monthly  Status 

23 

DRAFT  FORMATS 

Raport  No.  20 

Octobar 

1981 

• 

Electronics  Fabrication,  Assembly, 
and  Test 

-  Parc  Selection 

CED-E-XX  and 
CED-E-YY 

11  and  17 

-  Interconnect,  Insertion  and 

• 

12  to  16 

Soldering  Process 

-  Conceptual  Design  Phase 

CDE-E-I  to 
CDE-E-VIB 

25  to  55 

C-22 
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